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E MARY

This document has been prepared to provide a summary and evaluation of data collected
during Phase I of the Remedial Investigation (RI) being performed at the Winnebago
Reclamation Landfill (WRL), also known as Pagel’s Landfill, located near Rockford,
Illinois and to provide recommendations for Phase II of the RI. The August 1987 Work
Plan, which outlines the details of the Phase I RI, specifies that an Interim Groundwater
Quality Evaluation Report be prepared after collection of Round 2 groundwater samples
and Round 3 leachate samples to determine the following:

The likely sources of contaminants in groundwater at the western margins of the
WRL;

The likely sources of contaminants (if any) in groundwater west of Killbuck
Creek, a creek located to the west of the landfill;

The likely sources of contaminants to Killbuck Creek, if any;

The necessity for and scope of installation of Phase II groundwater monitoring
wells; and

The necessity for and details of Round 3 and 4 groundwater sampling and
analyses.

Based upon comments received on a draft of this report, the scope of this report was
expanded to include the Round 4 leachate data, resurvey of project wells, and an
expanded discussions of additional data from previous reports.

The WRL accepts municipal wastes and sewage sludge. The landfill has a liner and
leachate collection system, and a landfill gas extraction system. East, and hydraulically
upgradient of the WRL, is the Acme Solvents Reclaiming, Inc. (Acme Solvents)
Superfund National Priority List site. The Acme Solvents site was used for the disposal
of non-recoverable solvents, solvent still-bottoms, paints and oils between 1960 and 1973.
Waste materials were dumped into unlined lagoons, stockpiled or buried at the Acme
Solvents site. This report concludes that a VOC groundwater plume originating
upgradient of WRL has been overprinted by a dominantly inorganic WRL landfill
leachate plume. The WRL plume originates at about the center of the landfill and
extends to the furthest downgradient well G116A passing beneath Killbuck Creek.
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The WRL, about five miles south of Rockford, Illinois, is situated on a 60 acre parcel on
a topographic high between Killbuck Creek to the west and unnamed intermittent
streams to the north and south. The surficial unconsolidated deposits are predominantly
glacial drift ranging from a thin mantle over the dolomite bedrock at the Acme Solvents
site to greater than 70 feet filling the bedrock valley west of WRL. The unconsolidated
deposits are predominantly sand and gravel underneath and north of WRL with a silty
clay to the south of WRL. The underlying bedrock surface is highly variable due to
paleoerosional features. The dolomite is generally fractured but the intensity is variable.
Chert layers or nodules were commonly noted on boring logs as were vugs (void spaces),
but cavernous zones were not reported. A zone of highly fractured, soft dolomite was
noted near the bedrock surface in the vicinity of the northern intermittent stream on the
Acme Solvents site.

Groundwater generally flows from east (from Acme Solvents) to west towards WRL. A
groundwater high is located in the vicinity of a bedrock ridge between WRL and Acme
Solvents, such that the water table slopes to the west, northwest, and southwest from that
point. The water table is located within the bedrock in the vicinity of the Acme Solvents
site and westward to an approximately northeast-southwest line drawn from wells B10 to
B13 (approximately the eastern quarter of WRL). West from this northeast-southwest
line, the water table occurs in the more permeable sand and gravel. The sand and gravel
and dolomite aquifer appears to be under semi-confined conditions below the silty clay
till to the south of the site. The water table surface drops more steeply in the bedrock
upland than in the sand and gravel materials of the Killbuck Creek floodplain, consistent
with the lower observed permeabilities in the bedrock upland.

A groundwater mound or “high” in the vicinity of the northern intermittent stream noted
frequently in previous investigations was also detected in this investigation based on
April 6, 1988 water level data. It is thought that the mounding is due to higher localized
recharge rates in the area due to the thin veneer of sediments and the highly fractured
dolomite beneath the northern intermittent stream. Downward vertical movement of
water is inferred from the potential vertical gradients, however, flow paths will be largely
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controlled by the permeability distribution within the dolomite. Some water level
measurements made at well nests in the bedrock during the Phase I RI indicate
anomalous results, which can be attributed to preferential flow in the fractured dolomite.
A variety of reports have noted anomalies in the water level data collected from wells in
the fractured bedrock upland indicating the complexity of flow in this dolomite aquifer.
These reports include the Illinois State Geological Survey (Herzog, et al,, 1988), the
United States Geological Survey (see letter dated 4/13/89, Mr. B. Schorle, U.S. EPA, to
Mr. J. Hill, Warzyn), Hickok (1985), and E.C. Jordan (1986).

This Phase I RI included the installation of 15 monitoring wells west of Lindenwood
Road, and collection and analyses of samples from the 15 new monitoring wells, 26
monitoring wells installed during previous investigations and one private well. Fifteen
single-well field permeability tests were performed. Water levels were collected on an
approximately monthly basis. All project wells were resurveyed in August 1989 by an
Illinois Registered Land Surveyor.

Fourteen monitoring wells were sampled and analyzed during Round 1 (April 1988) for
volatile organic compounds (VOCs) by gas chromatograph (GC) with ten percent
confirmed by gas chromatograph/mass spectroscopy (GC/MS), pesticides/PCBs, 23
metals, total phenols, field pH, field specific conductance, total alkalinity, chlorides and
cyanide. Well G118 was not sampled because it was damaged by frost heave. Twenty-
five monitoring wells and one private well were sampled and analyzed for the indicator
parameters; VOCs by GC (with 1072 GC/MS confirmation), chlorides, total alkalinity,
total phenolics, arsenic, barium, cadmium, field pH and field specific conductance.
During Round 2 (June 1988) forty-one monitoring wells and one private well were
sampled and analyzed for the indicator parameters described above.

The Phase I RI included the collection of four rounds of leachate samples from the east
manhole, west manhole and four different gas/leachate extraction wells during each
round. Round 1 (April 1988) leachate samples were analyzed for VOCs by GC (with
10% confirmation by GC/MS), SVOCs, 23 metals, chlorides, total alkalinity,
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pesticides/PCBs, phenol, cyanides, field pH and field specific conductance. Rounds 2
(June 1988) and 3 (August 1988) samples were analyzed for the indicator parameters;
VOCs by GC, chlorides, total alkalinity, total phenolics, arsenic, barium, cadmium, field
pH and field specific conductance. Round 4 (June 1989) samples were analyzed for the
above indicator parameters except that VOCs were analyzed by GC/MS to improve data

quality.

One round of surface water and sediment samples were collected from Killbuck Creek
concurrent with Round 1 groundwater sample collection activities. The five surface
water samples were analyzed for the same indicator parameters as for Round 2 leachate
samples. Sediment samples were analyzed for VOCs (by GC/MS), SVOCs,
pesticides/PCBs, 23 metals and cyanide.

Volatiles data of acceptable quality were obtained from leachate samples analyzed by
GC/MS and are the focus of this discussion. The leachate samples (analyzed by
GC/MS) generally contained higher concentrations of aromatic VOCs such as benzene,
ethylbenzene, toluene, and xylenes than the chlorinated VOCs vinyl chloride and
dichloroethene. Tetrachloroethene was detected only once and trichloroethene was not
detected at all. The Jordan (1984) leachate sample results generally follow these same
concentration trends indicating that the current leachate VOC composition is similar to
the VOC makeup of leachate of 1984, indicating that the leachate has not changed
significantly over this time span. The WRL leachate has a high inorganic component
consistent with typical sanitary component leachates, except it has higher than typical
chloride and sodium content.

Since the WRL is consistently hydraulically downgradient of the Acme Solvents site, it is
apparent that groundwater chemistry is important in the process of distinguishing the
possible impacts from each site. The high inorganic component in the leachate is used to
discriminate between WRL leachate affected and unaffected wells on a trilinear plot of
the major cations (calcium, magnesium, and sodium plus potassium (percent of meq/1)).
The WRL leachate samples plot as a sodium plus potassium rich water, while upgradient
or unaffected wells plot as magnesium and calcium rich, forming the end points of a
continuum encompassing wells affected by WRL leachate. This approach has been used
elsewhere to discriminate between contaminated and uncontaminated water samples.
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This major cation discrimination approach is supplemented by the strong positive
correlation between sodium plus potassium and the chloride ion (r2 = 0.998). The near
perfect correlation between chloride and sodium plus potassium and the large chloride
concentration contrast between groundwater and WRL leachate indicates that chloride
can be used to discriminate between wells affected and unaffected by WRL leachate.
This approach has also been used elsewhere to discriminate between contaminated and
uncontaminated groundwater samples. Chloride is widely recognized as a conservative,
non-reactive parameter in groundwater systems, which means it does not biodegrade or
react with the aquifer matrix. The only attenuation mechanism generally applicable to
chloride is dilution during transport. The conservative non-reactive nature of chloride
coupled with the high contrast in chloride concentration between leachate and
groundwater makes chloride a very good "tracer” of the presence of leachate in
groundwater.

There are two general areas where chloride concentrations appear to be elevated
indicating the presence of leachate;

The northwest quadrant of WRL; and
at Well G110.

Within the WRL leachate plume, the SDWA Primary Drinking Water standards were
exceeded for only barium at wells MW106 and P1. SDWA secondary standards were
exceeded for chloride (B1S, B15R, and MW106), iron (MW106 and P1), and manganese
(B15SR, MW106, P1, P3R, and P4R). The secondary standards are based on aesthetic
considerations only. VOCs which could potentially be attributed to WRL that ‘are
designated as hazardous substances in Table 302.4 of 40 CFR Part 302.4 are 1,2
dichloropropane, 1,2-dichlorobenzene, 1,4-dichlorobenzene, chlorobenzene, benzene,
xylenes and toluene. None of these were present in samples from the furthest
downgradient well G116A, indicating that these constituents are being attenuated to
non-detectable levels during transport to G116A.
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Samples from wells neighboring well G110 do not contain elevated chloride
concentrations, indicating that any excursion of leachate is quite limited. The chloride
anomaly at G110 has been previously attributed to surficial leachate seeps along the
southern slope. Recently, it was learned that the leachate hauling trucks were loaded at
the base on the slope near G110. Both of these conditions could have contributed to the
presence of chlorides at well G110. The seeps are currently under control and leachate
is now loaded on top of the landfill.

Distribution of chlorinated ethenes in the groundwater form a different pattern than that
of chlorides. VOC:s are found both inside and outside (horizontally and vertically) of the
chloride plume adjacent to the northwest quadrant of the site indicating that the WRL
leachate chloride plume is overprinting a pre-existing VOC plume. The highest
concentrations of total chlorinated ethenes are found at monitoring well B4 on the Acme
Solvents site with the second highest levels found just west of Lindenwood Road south of
WRL. Both of these areas are upgradient of the WRL, and not associated with elevated
levels of chlorides indicating WRL leachate is not the source of these VOCs. The
highest concentrations of VOCs being found at monitoring well B4 is consistent with the
disposal of large quantities of solvent wastes. The definition of the VOC plume
downgradient from Acme Solvents is not complete. Given the history of waste filling and
the high VOC concentration noted at B4, a larger plume is expected.

Elevated alkalinity and depressed pH were noted at well B4 (at Acme Solvents) and at
wells adjacent to the WRL. The alkalinity and pH follow a similar pattern as that for the
VOCGs. Alkalinity measurements typically reflect the amount of bicarbonate/carbonate
equivalents present, but may also include other titratable species. As discussed above,
elevated chlorides, which are a reliable indicator of the presence of WRL leachate follow
a different pattern than these geochemical anomalies. This indicates that WRL leachate
is not responsible for these anomalies where elevated chlorides are not present, which is
consistent with the upgradient location of these wells. Because elevated alkalinity and
depressed pH are found at upgradient well B4 at Acme Solvents, it becomes possible
that the Acme Solvent site may be responsible for these geochemical anomalies.
Although it has not been qualitatively determined, it also seems possible that the carbon
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dioxide portion of the landfill gas (if present) could be a potential cause for the
geochemical anomalies at the landfill borders; the potential for this should be small since
a landfill gas extraction system is in place and has been operational since 1980.

Factors which may be playing a role in the apparent distribution of VOCs in the
groundwater are:

1) intermittent and spatially variable recharge from the unnamed intermittent
stream could breakup the Acme Solvents VOC plume as modeled by Jordan
(1984),

2) biodegradation may alter the pattern of VOCs in groundwater;

3) the pattern of VOCs may be an artifact of the current well placement in a
fracture flow dominant aquifer (i.e., a higher density of wells are present in the
area just west of Lindenwood Road south of WRL, increasing the chances of
intercepting a VOC containing fracture); and

4) a second source of VOCs.

The issue of landfill gas migration as a potential source of VOCs in the groundwater just
west of Lindenwood Road south of the WRL has been been raised, but is not considered
viable because;

a previous study (1980) found landfill gas to be migrating off-site, though
migration was only found in the highly permeable unsaturated soils above
bedrock, indicating that the gas was not in contact with the groundwater table
present in bedrock in the vicinity;

a gas extraction system has been in operation since 1980 controlling the landfill
gas migration;

the WRL leachate contains lower concentrations of VOCs than the groundwater
samples from wells southeast of the WRL, indicating that it is unlikely that
significant amounts of VOCs could be or were in the landfill gas; and

the WRL generally accepted municipal wastes with limited quantities of Illinois

Special Waste, and so would not be expected to be able to release significant
amounts of VOCs, as would a solvent disposal site.
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There were no upstream/downstream trends in the results of the surface water or
sediment samples. Results were either comparable to background or attributed to
field/laboratory contamination. Results of surface water samples collected and analyzed
by the USGS from a surface water monitoring station for Killbuck Creek downstream
from the WRL at the bridge at state Highway 251 showed little correlation to the
discharge rate of that stream. Comparison of the data from this investigation to the
USGS data indicates that the results were similar in value. Since upstream/downstream
trends in the Phase I results are not evident in the surface water samples from this study,
and because there is little correlation between discharge and surface water quality as
measured by the USGS, based on the available data, WRL does not appear to be
impacting the water or sediment quality of Killbuck Creek.

The evaluation of analytical results from groundwater samples indicates the existing
monitoring network is adequate to define the extent of releases of hazardous substances
from the WRL. Thus, additional monitoring well installation is not recommended.
Phase II investigative efforts should focus on the following:

Round S leachate samples should be analyzed for VOCs, SVOCs,
pesticides/PCBs, 23 metals plus total and hexavalent chromium, phenolics,
chloride, alkalinity, cyanide, field pH, and field specific conductance. Round §
leachate samples should be analyzed using GC/MS methodologies to improve
data quality. Detection of a PCB in two samples in previous rounds, and the
resulting questions on the analytical response requires additional testing. The
landfill gas collection headers will be disconnected and leachate risers purged
24-hours prior to the collection of the leachate samples. Gas well D1 will be
sampled to verify that the acetone found was due to lab/field contamination.
The other leachate sampling points will be gas wells E3, N8, L2, and the east and
west manholes.

Wells with elevated chloride concentrations and those which are located
immediately adjacent to the landfill should be sampled during Rounds 3 and 4.
Monitoring wells to be sampled include B13, B15SR, B15P, G109, G109A, G110,
G111, G114, G115, G116, G116A, P1, P3R, P4R, and P6.

Round 3 groundwater samples should be analyzed for VOCs by GC/MS (since
the dominant presence of the cis-isomer of 1,2 dichloroethene is documented,
standard CLP-type protocol can be used), SVOCs, arsenic, barium, cadmium,
hexavalent chromium, total chromium, phenolics, chloride, alkalinity, cyanide,
field pH, and field specific conductance. This will provide additional
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documentation that the few HSL compounds, which are not chlorinated solvents,
currently detected adjacent and downgradient from the WRL are being rapidly
attenuated. Sampling should also be analyzed for the standard water chemistry
parameters sulfate and nitrate. Round 4 groundwater parameters will include
VOCs (by GC/MS), arsenic, barium, cadmium, hexavalent chromium, total
chromium, phenolics, chloride, alkalinity, cyanide, field pH and field specific
conductance unless results from Round 5 leachate sampling indicates additional

parameters are warranted. ’

Water level monitoring should continue on a monthly basis for a six-month
period. Three staff gauges should be installed in Killbuck Creek and be included
as part of the monthly monitoring level program. The additional water level
monitoring is needed due to the complex nature of groundwater flow. The
collection of water levels from the creek is necessary to verify that the creek is
acting as a groundwater discharge zone. :

Plug and abandon well P7 since it is reported to be damaged.
Perform 12 additional single-well permeability tests at B9, B10, B10A, B12, B13,

G108, G109A, G110, G113, G113A, G114 and P6, to gain more information on
the variability in the permeability of the dolomite.

WARZYN




Interim Groundwater Quality Evaluation
Winnebago Reclamation Landfill

March 7, 1990

Page 1

INTERIM GROUNDWATER QUALITY EVALUATION

SECTION 1
INTRODUCTION

1.1 Purpose
This document has been prepared to provide a summary and evaluation of data collected

during Phase I of the Remedial Investigation (RI) being performed at the Winnebago
Reclamation Landfill (WRL), also known as Pagel’'s Landfill, located near Rockford,
Illinois, and provide recommendations for Phase II. The August 1987 Work Plan, which
outlines the details of the Phase I RI, specifies that an Interim Groundwater Quality
Evaluation Report be prepared after collection of Round 2 groundwater and Round 3
leachate samples. Based upon comments received on a draft of this report, the scope of
the report was expanded to include Round 4 leachate data, resurvey of project wells and
expanded discussions of available background data. This report contains the resulting
groundwater, leachate, surface water and sediment data along with data obtained during
subsurface drilling and monitoring well installation. The collected data is evaluated to
determine the following as required by the Work Plan:

The likely sources of contaminants in groundwater at the western margins of the
WRL;

The likely sources of contaminants (if any ) in groundwater west of Killbuck
Creek, a creek located to the west of the landfill;

The likely sources of contaminants to Killbuck Creek, if any;

The necessity for and scope of installation of Phase II groundwater monitoring
wells; and

The necessity for and details of Round 3 and 4 groundwater sampling and
analyses.

The assessment of the need for Phase II data gathering activities is made in the last
chapter of this document. Section 2 through 4 provide a description and discussion of
data collected during Phase I supplemented by data from previous studies. Eight and
one-half by eleven inch and eleven by twenty-four inch illustrations are referred to as
Figures, while large twenty-four by thirty-six inch illustrations are referred to as
Drawings. The Figures and Drawings have separate numbering systems. Appendices are
provided in a separate volume.
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1.2 Authorization
This investigation is being performed on behalf of the Pagel’s Landfill (WRL)

Potentially Responsible Parties (PRPs) who have entered into an Administrative
Consent Order with the United States Environmental Protection Agency (U.S. EPA),
effective October 16, 1986.

This investigation is being performed following the “Work Plan, Pagel’s Pit Landfill
Remedial Investigation/Feasibility Study” dated August 1987. The PRPs have retained
Warzyn Engineering Inc. (Warzyn) of Madison, Wisconsin (Corporate offices) to
perform this task and the other tasks in the Remedial Investigation/Feasibility Study
(RI/FS) required under the consent agreement.

1.3 Site Location and Function
The WRL is located about 5 miles south of Rockford, Illinois. The WRL occupies

approximately 60 acres west of Lindenwood Road (Figure 1). The landfill has
approximately two years of capacity remaining. The landfill has been in operation and
licensed since 1972. The facility has a continuous bituminous liner and a leachate
collection system covering the entire base of the landfill. The leachate is collected and
disposed of off-site. The leachate is collected through a perforated pipe system in a layer
of sand on top of the liner, which drains to central collection manholes where leachate is
extracted. Leachate is also removed via wells installed into the waste. These extraction
wells, operational since 1980, are also used for the removal of landfill gas (WRS, 1984).

Wastes accepted at the landfill are composed primarily of municipal refuse and sewage
sludge. Prior to the start-up in 1984 of a sludge dryer system fueled by gas from the
landfill, the landfill accepted wet sewage sludge. Only dried sewage sludge has been
placed in the landfill since that time. A very limited quantity of Special Wastes were
disposed of at the facility prior to December 1985. Illinois Special Wastes were accepted
at WRL under permits issued by the lllinois Environmental Protection Agency (IEPA).
Permits were obtained for some wastes which were not actually disposed of at the landfill
(WRS, 1984). For more details, refer to "Comments Submitted to the U.S. EPA on its
proposed listing of Pagel’s Pit on the Superfund National Priorities List” (WRS, 1984).
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East of the WRL on an approximately 20-acre parcel is the Acme Solvents Reclaiming,
Inc. (Acme Solvents) site, which was active from 1960 to 1973. The Acme Solvents
property adjacent to the WRL was used for disposal of waste generated by the Acme
Solvents’ reprocessing facilities in Rockford, Hlinois. The materials disposed of at the
site are generally undocumented, but are known to have included solvent still-bottom
sludges, nonrecoverable solvents, paints and oils. The waste materials were transported
to the site in drums which were either emptied into unlined disposal lagoons or
stockpiled. The IEPA indicates four lagoons were actively used for the disposal of waste
materials on-site. IEPA additionally indicates that, when the site was closed, between
10,000 and 15,000 drums may have been present on the site. The total quantity of waste
disposed of at the site during its operation is unknown (Ecology and Environment 1983;
Jordan, 1984).

IEPA inspections in late 1972 and early 1973 indicated the waste materials in the Acme
Solvents ponds were not removed, but were covered with soil borrowed from other
portions of the site. It it also reported that an unknown number of drums stored on-site
were crushed and buried, rather than removed (Ecology and Environment, 1983).
Clean-up and removal of buried drums and contaminated soils from the Acme Solvents
site began in August 1986. The Acme Solvents site has been listed on the National
Priorities List (NPL) since 1983. The site is currently undergoing an additional
groundwater investigation.

1.4 Previous Investigations

The area adjacent to the WRL and the Acme Solvents facility has been investigated a
number of times. The previous investigations are:

"Extent of Source of Groundwater Contamination - Acme Solvents Pagel Pit
Area near Morrisville, Illinois”, Ecology and Environment, March 1983.

"Acme Solvents Superfund Site, Winnebago County, Illinois, Remedial
Investigation”, E.C. Jordan Company, September 1984.

"Acme Solvents Superfund Site, Winnebago County, lllinois, Feasibility Study”,
E.C. Jordan Company, February 1985.
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"Supplemental Investigation Winnebago Reclamation Landfill, Rockford,
Illinois”, Warzyn Engineering Inc., March 1985.

"Data Analysis and Summary Report for Deep Groundwater Assessment, Acme
Solvents Solvents Superfund Site”, E.C. Jordan Company, May 1986.

Monitoring wells installed for these previous investigations have been incorporated into
the Phase I RI at the WRL. The data collected during previous report efforts are
considered in the evaluation of site conditions in this document. Complete data sets
from previous reports are not incorporated into this document, but are referenced where

appropriate.

During previous investigations groundwater samples have been collected on or about
October 25, 1982, September 6, 1983, May 1, 1984, December 27-29, 1984, January 24,
1985 and November 5, 1985. The October 1982 samples were collected by Ecology and
Environment from monitoring wells B1 through B16 plus five water supply wells. The
samples were analyzed for priority pollutants (volatile and semivolatile organics and
metals). Ecology and Environment collected groundwater samples in September 1983
from monitoring wells B1 through B16 and five water supply wells. The samples were
analyzed for volatile and semivolatile organic compounds (see memorandum Tom Koch
to File, December 28, 1983). E.C. Jordan Co. collected groundwater samples in May
1984 from G101, G102, MW101, MW102, MW103, MW104, MW105, MW106, MW107,
B1 through B12, P1, P3, P4, PS, P7 and water supply wells A through O. The samples
were analyzed for volatile and semivolatile organic priority pollutants and PCB's.

In December 1984 and January 1985, Warzyn collected groundwater samples from
monitoring wells B8, B9, B10, B10A, B11, B11A, B12, B13, B14, B16, B16A, P1, P3, P4,
PS5, P6, P7, G102, G107, G108, G109, G109A, G110, G111, MW104, MW106, MW 107,
and water supply wells G and H. These samples were analyzed for VOCs, arsenic,
barium, calcium, phenols, chloride and alkalinity. E.C. Jordan Co. (1986) collected
samples from wells MW201A, MW201B and MW202 which were analyzed for volatile
and semivolatile organic priority pollutants.
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Historical VOC data by well is presented in Appendix C. No attempt has been made to
re-validate the data except that discussions do not include acetone and methylene
chloride results because they are often field/laboratory contaminants.

1.5 Current Investigation

Due to the uncertainty associated with determining the extent and magnitude of
potential releases from the WRL site and the role of releases which may be attributable
to Acme Solvents, a phased RI was undertaken. The initial phase of the investigation
(Phase I), which this report evaluates, consisted of the following elements;

Collection of four rounds of leachate samples from various portions of the
facility. Leachate samples were analyzed to evaluate potential hazardous
constituents contained in the landfill leachate.

Installation of 15 new groundwater monitoring wells located adjacent to and
downgradient from the WRL.

Groundwater sampling - Sampling of 26 previously installed wells, 15 wells
installed as part of the Phase I investigation, two new wells installed by the Acme
Solvents PRPs, and 1 private well. Wells immediately adjacent to the landfill
were analyzed for volatile (VOCs) and semi-volatile organic compounds
(SVOCs), pesticides/PCBs, metals, and other parameters as detailed in Section
2.2.1. during Round 1, with the remaining wells analyzed for a lesser set of
indicator parameters as described in Section 2.2.1. During Round 2, all project
wells were analyzed for these indicator parameters (See Section 2.2.2).

Aquifer evaluation - 15 single-well field permeability tests were performed on
groundwater monitoring wells, and groundwater levels were collected on an
approximately monthly basis.

Sampling of Killbuck Creek - Surface water and sediment samples were
collected from Killbuck Creek during Round 1 groundwater sampling. Sediment
samples were analyzed for the VOCs, SVOCs, pesticides/PCBs, metals and
cyanide as outlined in Section 2.4 and surface water samples were analyzed for
indicator parameters (VOCs, chloride, etc.).

Based upon the data collected during the Phase I investigation, an evaluation is made in
this report as to the necessity for and scope of the Phase II investigation.
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SECTION 2
E I DATA LECTION A TIE

This section provides a brief summary of work performed during the Phase I portion of
the RL. The activities were performed in a manner consistent with the approved Work
Plan, Health and Safety Plan, Sampling Plan, and Quality Assurance Project Plan
developed for the investigation.

2.1 Phase I Monitoring Well Installation

During Phase I, 15 new groundwater monitoring wells were installed adjacent to the
WRL facility. The locations of Phase I groundwater monitoring wells; P3R, P4R, B15P,
G112, G113, G113A, G114, G115, G116, G116A, G117, G118R, G118A, G119, and
G119A are shown on drawing 13160-1. Monitoring wells P3R and P4R were installed to
replace abandoned wells P3, P4, and PS. Monitoring well G118 had to be replaced, due
to frost heave of the casing at the surface, the replacement well installed in June 9, 1988
was designated G118R.

Drilling and monitoring well installation was performed by Exploration Technology, Inc.
(ETI) of Madison, Wisconsin and observed by Warzyn personnel. A Warzyn geologist
was on-site during drilling operations to log boreholes, provide technical supervision, and
perform air monitoring related to health and safety concerns.

The deepest borehole at a nested well location was sampled at S-foot intervals in
unconsolidated material to bedrock or the terminus of the boring. Unconsolidated
materials were collected using a split-spoon sampler (ASTM Method D-1586). When
bedrock was encountered, rock was cored to the terminus of the boring using a HW (2-
7/8-inches diameter) core barrel.

The monitoring wells installed were constructed with 2-inch inside diameter stainless
steel screen and riser pipe to an elevation above the anticipated seasonal high
groundwater elevation. Galvanized steel riser pipe was used above the assumed high
groundwater elevation to the ground surface. Wells installed to monitor the
groundwater surface (water table wells) were installed with 10-foot screens. Monitoring
wells P3R, G112, G113, G114, G115, G116, G117, G118R, and G119 were instrumented
as water table wells. Wells instrumented to monitor groundwater quality and
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groundwater levels deeper in the aquifer (piezometers) were installed with 5-foot well
screens. Monitoring wells P4R, B15P, G113A, G116A, G118A, and G119A were

instrumented as piezometers.

The annular space between the well materials and the edge of the borehole was
backfilled to approximately two-feet above the top of the screen with flint sand. Above
the flint sand a two-foot bentonite pellet seal was placed. Bentonite grout was placed via
a tremie pipe to fill the remaining annular space to the surface. At the ground, surface
locking protective casings were installed.

To minimize possible contamination of monitoring wells, drill rig and drilling tools were
decontaminated by steam-cleaning. The drill rig and drilling tools were steam-cleaned
prior to use and between each drilling location. The split-spoon sampler and/or core
barrel were cleaned between samples using a trisodium phosphate wash followed by
clean water rinses. Well construction materials were also steam-cleaned prior to use.

Appendix A contains boring logs for borings performed as part of the Phase I
investigation. Appendix B contains well installation details for monitoring wells installed
as part of Phase L.

2.2 Groundwater Samplin

The initial set of groundwater samples were collected the week of April 6, 1988 (Round
1) with a second set of samples collected the week of June 9, 1988. Samples from the
two Acme Solvents PRP monitoring wells (STI-SI and STI-SD) could not be obtained
concurrent with the other samples since the wells were not installed when sampling
occurred. The completely validated data sets for these two wells are not yet available
from the Acme Solvents PRPs and are not included in this report.

Analytical laboratory results for groundwater analyses are contained in Appendix C.
Monitoring well locations are shown on drawing 13160-1.
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2 R ndw. mplin

Monitoring wells B1S, B1SR, B15P, G109, G109A, G115, G116, G116A, G117, G118A,
MW106, P1, P3R, and P4R were sampled and analyzed in Round 1 for the following
parameters:

Volatile organic compounds (VOCs) by gas chromatograph (GC). Ten percent

of the samples were confirmed by gas chromatography/mass spectroscopy

(GC/MS);

Semi-volatile organic compounds (SVOCs);

Pesticides/PCBs;

23 metals (dissolved);

Total phenolics;

Field pH;

Field specific conductance;

Total alkalinity;

Chlorides; and

Cyanide.
G118 was not sampled because it was damaged by frost heave.
A second set of wells which included: B4, B6S, B6D, B7, B9, B10, B11, B11A, Bi2, B13,
B14, B16, B16A, G107, G108, G110, G112, G113, G113A, G114, G119, G119A, P6, P7
and MW105 and private well 1 (PW1) were sampled for indicator parameters as follows:

VOCs (by GC) with 10% GC/MS confirmation;

Total phenolics;

Field pH;

Field specific conductance;

Total alkalinity;
Chlorides;
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Arsenic (dissolved, except PW1 unfiltered);
Barium (dissolved, except PW1 unfiltered); and
Cadmium (dissolved, except PW1 unfiltered).

222 Round 2 water Samplin

Wells B4, B6S, B6D, B7, B9, B10, B11, B11A, B12, B13, B14, B15, B1SR, B15P, B16,
B16A, G107, G108, G109, G109A, G110, G111, G112, G113, G113A, G114, G115,
G116, G116A, G117, G118A, G118R, G119, G119A, P1, P3R, P4R, P6, P7, MW105,
MW106 and private well 1 (PW1) were sampled during Round 2. Samples from these
wells were analyzed for the indicator parameters described in Section 2.2.1. See
Appendix C for results of Round 2 sampling.

2. h mplin

Four sets of leachate samples were collected during Phase I. Leachate sample Rounds 1
and 2 were collected concurrent with Round 1 and Round 2 groundwater sampling.
Round 3 leachate samples were collected during the week of August 8, 1988, and Round
4 on June 8, 1989. On each occasion, an attempt was made to collect six leachate
samples. Two of the six samples in each set were from leachate extraction manholes,
which are tied to the base leachate collection piping system. The remaining four samples
in a set of six samples were collected from various extraction wells located in the eastern
portion of the site. Figure 2 shows the locations of the manholes and extraction wells.
Leachate samples were collected from the following locations;

Round 1 - West manhole, Al, E7, F1, K2, (east manhole dry)
Round 2 - Both manholes, A3, B1, G3, G7
Round 3 - C3, C6, H2, IS, (both manholes dry)

Round 4 - D1, G4, F7, East Manhole, (West manhole dry, C6 dry)

Leachate samples were not filtered prior to analysis. Round 1 leachate samples were
analyzed for VOCs by GC (with one sample confirmed by GC/MS), SVOCs, 23 metals,
chloride, alkalinity, phenol, cyanide, field pH, field conductivity, and pesticides/PCBs.
Rounds 2 and 3 samples were analyzed for VOCs by GC, arsenic, barium, cadmium,
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chloride, alkalinity, and phenol. One Round 2 sample had VOCs confirmed by GC/MS.
Due to previous analytical difficulties, all Round 4 samples were analyzed by GC/MS for
VOCs. The gas extraction wells were disconnected from the extraction system and
purged of standing leachate 24 hours prior to Round 4 sampling. Round 4 samples were
also analyzed for alkalinity, chloride, phenol, field pH, field specific conductance,
arsenic, barium and cadmium. Analytical laboratory results for leachate samples and
more detailed parameter lists are contained in Appendix C.

2 n iment Samplin

Surface water (SW) and sediment (SD) samples were collected from five locations along
Killbuck Creek in the immediate vicinity of WRL (see Drawing 13160-1). Sampling
proceeded from the furthest downstream location (SW1/SD1) toward the furthest
upstream location (SW5/SD5). At each sample location, the surface water sample was
collected first followed by the collection of the sediment sample.

Sediment samples were analyzed for VOCs (by GC/MS), SVOCs, pesticides/PCBs, 23
metals and cyanide. Surface water samples were analyzed for VOCs (by GC with one
sample confirmed by GC/MS), arsenic, barium, cadmium, field specific conductance,
field pH, chloride, alkalinity and phenols. Surface water samples were not filtered prior
to analysis. Results of sediment and surface water sampling and more detailed
parameter lists are contained in Appendix C.

2.5 Permeability Testin

Permeability testing was performed on monitoring wells; B11, B11A, B15, B15P, B16,
B16A, G109, G109A, G111, G115, G116, G116A, G117, G119, and G119A.
Permeability testing was performed during the week of August 1, 1988. Two different
permeability test procedures were used. Piezometers were tested by suppressing the
water level using a compressed air system. Rapid release of pressure in the well allowed
the suppressed water levels to recover to their original levels. Recovery of groundwater
levels were recorded using a pressure transducer system attached to a digital data logger.
Tested water table wells had a small volume of water removed using a bailer; recovery
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was recorded using a pressure transducer and digital data logger. Results of field
permeability testing are summarized in table 1, with detailed data assessments provided
in Appendix D. Results were evaluated using the method of Bower and Rice (1976).

2.6 Surv

All project wells were resurveyed in August 1989 by an Illinois Registered Land
Surveyor. The horizontal location (Illinois State Plane Coordinates, West Zone) of the
wells were surveyed to an accuracy of +0.1 foot. Elevations referenced to mean sea
level (MSL) (National Geodetic Vertical Datum) were obtained for the top of the
protective casing (TOC) and inner casing (well pipe) (TIC) to an accuracy of +0.01 foot.
The ground surface elevations were surveyed to an accuracy of +0.1 foot. Elevation data
are provided in Appendix B with well locations shown on drawing 13160-1.

2.7 Water Level Monitoring

The variable groundwater flow patterns noted in previous investigations near WRL
necessitated the collection of multiple sets of groundwater levels from functioning
groundwater wells to further understand the flow dynamics. Groundwater levels were
obtained on the following dates:

April 6, 1988

May 17, 1988

June 16, 1988

August 5, 1988

August 29, 1988

October 25, 1988

November 9, 1988

June 8, 1989

Water level data are included in Appendix E.
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SECTION 3
PHYSICAL SETTIN

The site is located in the Rock River Hill Country of the Till Plains Section of the
Central Lowland Province of Illinois (Figure 3) (Leighton, et al., 1948). The Rock River
Hill Country is characterized by subdued rolling hills rising above alluvial valleys. An
extensive surface drainage system has developed in the uplands, making lakes, ponds and
marshes rare. Major river valleys are broad with steep walls and alluvial terraces
(Hackett, 1960, Leighton, et al., 1948).

The site is located on a topographic high between Killbuck Creek to the west, and
unnamed intermittent streams to the north and south (Figure 1). Killbuck Creek, a
perennial stream, flows within 250 feet of the western WRL boundary and merges with
the Kishwaukee River about two miles to the north. The confluence of Killbuck Creek
and the northern stream is about 1000 feet northwest of the site, and the confluence of
the southern, intermittent, unnamed stream and Killbuck Creek is about 1200 feet south
of the WRL. The ground surface ranges from elevation 790 feet (MSL) on top the the
landfill to 708 feet (MSL) in the floodplain of Killbuck Creek (see Drawing 13160-1).
There are no other significant surface water bodies within one mile of the WRL.

The average precipitation for the area is 38 inches per year; 66% being received between
April and September, with an average snowfall of 33 inches. In winter, the average
temperature is 230F, and the average summer temperature is 710F (USDA, 1980).

The land use around WRL is a mix of industrial, agricultural, commercial and rural
residential. East of the site is the former Acme Solvents facility, an industrial waste
disposal facility which operated from 1960 to 1973 disposing of wastes generated by
Acme Solvents solvent reprocessing plant in Rockford, Illinois. Wastes which were not
reclaimed at their Rockford plant were disposed of on the Acme Solvents site. The
Acme Solvents site is listed on the National Priority List and is subject to an ongoing
groundwater investigation. An inactive alcohol production plant and an active sewage
sludge drying plant are immediately north of the landfill. The Rockford Skeet Club is
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across Lindenwood Road to the northeast. There are residences north, south, southwest,
and southeast of the site (see Drawing 13160-1).

1 Regional 1

1.1 Un li Material
The surficial unconsolidated materials of the area are predominantly glacial drift
deposits. Glacial drift deposits include both ice and water-lain materials. Figure 4 is a
geologic map of the surficial unconsolidated materials in the vicinity of WRL. The area
beneath and east of the site is mapped as poorly-sorted sand and gravel glacial ice-
contact deposits of the Wasco Member of the Henry Formation. West of the site in the
Killbuck Creek Valley, and to the north of the site, the surficial sediments are mapped as
the sand and gravel outwash deposits of the Mackinaw Member of the Henry Formation.
Modern stream deposits (Cahokia Alluvium) overlie the Mackinaw Member in the
floodplain of Killbuck Creek. The surficial deposits south of the site are mapped as the
Esmond Member of the Glasford Formation, a silty clay till (Figure 4). The Esmond Till
was deposited during the Illinoian Stage of the Pleistocene (Berg, et al., 1984). The
Esmond till has an upper silty facies and a lower silty clay facies. It is gray and contains
few pebbles and cobbles. It is characterized by a high illite content (Willman and Frye,
1970).

3.1.2 Bedrock

The unconsolidated sediments in the region are underlain unconformably by rocks of the
Ordovician, Cambrian and Precambrian Systems (Figure S). The topography of the
bedrock surface in the vicinity of the site is shown in figure 6. In Illinois, the Wisconsin
Arch has gentle slopes (20 feet per mile), leading to the presence of the Galena Group at
the bedrock surface over a broad area (Berg, et al,, 1984). The Galena Group of the
Ordovician System dominate the bedrock surface in the region. Older rocks of the
Platteville and Ancell Groups are at the bedrock surface due to erosion which formed
the the preglacial Rock, Troy, Pecantonica and Sugar Bedrock Valleys (Figure 5). The
WRL appears to be on the eastern edge of the preglacial Rock River Valley.
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The Galena and Platteville Groups are primarily composed of carbonate rocks (90%),
and are subdivided based on the amount of silt and clay. Disseminated siliceous
minerals, shale beds, chert nodules, thin sandstone beds, and thin bentonite beds make
up the remainder of these two groups. Other features which are used to identify the
strata are fossils, chert content, bedding, shale partings, corrosion surfaces, and
calcarenites. These variations affect the physical appearance of the strata. The
argillaceous (clayey) units trend towards being finer grained, less dolomitic, thinner
bedded and weather to a smoother vertical face, whereas the more dolomitic strata, with
lesser amounts of fine grained materials, are vesicular and vuggy (Willman and Kolata,
1978).

The Galena Group is 250 to 275 feet thick where overlain by the Maquoketa Shale
Group (Willman and Kolata, 1978)(Figure 7). The thickness of the Galena is
significantly less (due to erosion) where the Maquoketa Shale is absent. In Winnebago
County, the Maquoketa Group is present in the southeast portions of the county and in
isolated areas of the northeast portion of the county (Berg, et al., 1984) but is not present
in the immediate vicinity of the site. The high purity carbonate Kimmswick Subgroup
dominates the Galena Group in thickness (Willman and Kolata, 1978). The Galena
Group is generally medium to coarse grained dolomite, while the Platteville is finer
grained and thinner bedded (Berg, et al., 1984). The Platteville Group is about 45 feet
thick in northwestern Illinois and thickens to the east, reaching 115 feet in thickness near
Rockford (Willman and Kolata, 1978). The elevation of the base of the Platteville in the
vicinity of the WRL is approximately 500 feet (MSL), as shown in figure 8.

The Galena and Platteville Groups are underlain by the Ancell Group (Ordovician)
which consists of two formations, the Glenwood Formation and the St. Peter Formation
(Figure 7). The Glenwood Formation is comprised of interbedded dolomite, sandstone
and shale. The St. Peter is a fine to coarse grained sandstone. The St. Peter is the
surficial bedrock unit at the base of the preglacial Rock, Pecatonica, Sugar and part of
the Troy bedrock valleys (Berg, et al., 1984).
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Below the Ancell Group is the Cambrian System, which consists of Potosi, Franconia,
Ironton-Galesville, Eau Claire and Mt. Simon Formations (Figure 7). These formations
consist of sandstone, dolomite and shale. The Cambrian System is underlain by
Precambrian granite (Berg, et al., 1984).

.2 Regional H 1

The aquifers in northern Illinois can be divided into two major groups; glacial drift
aquifers and bedrock aquifers. The glacial drift aquifers are largely sand and gravel
outwash deposits filling the preglacial bedrock valleys. These coarse-textured deposits
are typically more than 100 feet thick in the Rock River Valley, with thicknesses in
excess of 300 feet being noted. The Silurian and Ordovician dolomites are the major
upper bedrock aquifers in northern Illinois (Hackett, 1960).

The Galena-Platteville Groups can be considered one hydrostratigraphic unit. The
permeability of these Groups is probably the result of a well developed joint and fracture
system since wells penetrating the dolomites consistently yield water (Hackett, 1960).
Although the dolomite has primary porosity, flow is mainly a function of secondary
permeability through joints, fractures, and solution openings (Kay, et al., 1989). Hackett
(1960) suggests solution activity has not progressed to the point of cave formation. The
regional direction of groundwater movement is toward the Rock River from both the
northeast and northwest. Groundwater is discharged to the river or to the outwash
deposits beneath the river. The water table in upland areas commonly is below the
bedrock surface (Hackett, 1960).

According to White (1969), carbonate aquifers can be classified into diffuse-flow and
free-flow aquifers. Free-flow aquifers are characterized by well-integrated systems of
solution modified conduits. Diffuse-flow aquifers are characterized by limited solution
modification of joints, fractures and bedding planes. On a macro scale, diffuse flow
aquifers such as the Galena-Platteville aquifer generally obey Darcy’s Law, thus standard
aquifer test methods should give reasonable results (White, 1969).

The Ordovician sandstone aquifer (Ancell Group) is hydraulically separated from the
overlying Galena-Platteville dolomite aquifer by the low permeability shales and
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dolomites of the Glenwood Formation, where present. The Glenwood Formation ranges
up to 60 feet thick in southeastern Winnebago County. Within the Ancell Group,
groundwater generally occurs under artesian or confined conditions, but limited areas of
the Ordovician sandstone aquifer are under water table conditions, such as those areas
where the rocks are covered by glacial drift. In the Rockford area, the sandstones
generally discharge to the Rock River, except where pumping from municipal wells has
induced a cone of depression, modifying flow direction (Hackett, 1960).
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SECTION 4
RESULTS AND DI SSION

Boring logs for Phase I borings are contained in Appendix A. Phase I well installation
details are presented in Appendix B. Results of field and laboratory analyses are listed
in Appendix C. A summary and discussion of results by matrix is presented below.
Permeability test results and water level measurements are provided in Appendices D
and E, respectively.

4.1 Leachate

Four rounds of leachate samples were collected. During each round, leachate was
collected from four selected leachate risers and from both east and west leachate
collection manholes, when possible. See Section 2.3 for details on sampling locations
and parameters. Sample locations are shown on figure 2.

4.1.1 Volatiles
The majority of results for volatiles analyzed by GC are considered estimated or

unusable, but acceptable results were obtained for volatiles using GC/MS. A major
problem with leachate analyses by GC were matrix interferences resulting in
unacceptably low recovery of surrogate compounds. Surrogates are assumed to behave
like target compounds and are added to each sample to test if sample matrixes are
affecting the detection of target compounds in the sample. The low recovery of
surrogates detected in leachate samples indicates less than total recovery of target
compounds from the sample and probably an underestimation of analyte concentrations.
This problem appeared to be greater for the detector used for detection and
quantification of halogenated volatiles than that used for aromatics. Because the
detector used for aromatics appeared to be less affected, reported results may have a
positive bias toward aromatic compounds.

Rounds 1, 2, and 4 volatiles data of acceptable quality were obtained from leachate
samples analyzed by GC/MS. The holding times for Round 4 leachate samples were met
for halogenated volatile organic compounds, but exceeded by 1-4 days for non-
halogenated volatile organic compounds. The results are summarized in table 2.
Although several of the reported compounds were detected in laboratory blanks,
concentrations were at least 5 times less than concentrations measured in the leachate
samples. The relatively low blank levels were not considered to greatly reduce data
quality.
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The Round 4 samples were collected 24 hours after purging leachate from the gas
extraction wells and disconnection from the gas extraction system (as directed by the
U.S. EPA). The elevated concentrations of acetone, 2-butanone (methyl ethyl ketone),
and 4-methyl-2-pentanone (methyl isobutyl ketone) are all estimated values and are not
attributed to the modified field procedure of purging prior to sample collection since
Round 4 results for vinyl chloride, total 1,2 dichloroethene, toluene, ethyl benzene, and
xylenes were comparable to Round 1 and 2 GC/MS results and to Jordan (1984)
leachate test results. The above anomalies could represent field or laboratory
contamination as they are commonly used solvents.

Since leachate analyzed by GC/MS provided acceptable data, the results are discussed
below. The leachate samples analyzed by GC/MS generally contained aromatic VOCs
such as benzene, ethyl benzene, toluene and xylenes at higher concentrations than
chlorinated solvents such as dichloroethene and vinyl chloride. Benzene was detected
only once at 6.2B ug/l. Ethyl benzene was detected in 5 of 6 samples, with
concentrations ranging from 21 ug/l to 77J ug/l, averaging 45 ug/l. (The J is a data
qualifier denoting an estimated value, B denotes constituent also found in laboratory
blank). Toluene was detected in all 6 samples analyzed by GC/MS and ranged in
concentration from 18J ug/1 to 320J ug/l, and averaged 145 ug/l. Xylenes were also
found in all 6 samples analyzed by GC/MS and ranged in concentration from 80J ug/! to
300J ug/l, while averaging 170 ug/l. Tetrachloroethene was detected in only one sample
(LLMHE), at a concentration of 17 ug/l. Trichloroethene was not detected in any of the
samples. Total 1,2-dichloroethene was detected in S of 6 samples and generally ranged
in concentration from 4.3 ug/l to 24 ug/l with one sample reaching 220 ug/! (LLG4),
with an overall average of 46 ug/l. Vinyl chloride was also detected in S of 6 samples;
concentrations ranged from 3 ug/l to 90 ug/l, while averaging 29 ug/l. The Jordan
(1984) leachate sample results generally fell within the same concentrations (Table 2).
This shows that the current leachate VOC composition is similar to the VOC makeup of
leachate in 1984, indicating that the leachate has not changed significantly over this time
span.
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4.1,2 Semi-Volatiles

Of semi-volatiles targeted for analysis during Round 1, only 2,4 dimethylphenol (160
ug/1) and 2-methylphenol (27 to 85 ug/l) were detected. Analytical protocols require the
performing laboratory to attempt to identify up to twenty non-target list compounds of
greatest apparent concentration. For each of the samples analyzed, twenty such
compounds were reported, however, most compounds were not identified. Those
identified were primarily phenols and carboxylic acids, which are likely derived from
decomposing refuse.

4.1,3 Pesticides/PCBs

The PCB Aroclor-1242 was detected in two of the first round leachate sampling locations
at "estimated” concentrations of 6.9J ug/l (location LLE7) and 3.3J ug/l (location
LLK2). No other pesticides/PCBs were reported as detected in leachate samples.
However, the presence of Aroclor-1242 creates some uncertainty about results for other
PCBs and pesticides that may co-elute (i.e., reach the detector over the same time
interval as Aroclor-1242) with Aroclor-1242. If compounds co-elute, the detector
responds to the presence of both compounds. If one compound is present at much
higher concentration than other compounds, the ability to detect the other compounds at
lower concentration at the specified method detection limits is diminished. Hence, given
the presence of Aroclor-1242, it cannot be stated with complete confidence that potential
co-eluting compounds are absent or at levels below their respective method detection
limits. Hence, negative results for Aroclor 1016, 1221, 1232, and 1248 are qualified as
estimated. Likewise, results (no detection) for the various isomers of
hexachlorocyclohexane (alpha-, beta-, delta- and gamma-BHC) and those for
Heptachlor, which co-elute with Aroclor-1242, are considered estimated.

4.1.4 Inorganics and Indicator Parameters

Results of most inorganics analyses are summarized in table 3 (see Appendix C for
further details) and compared with typical values for sanitary landfill leachate by Cope,
et al., (1983). Although Cope, et al., (1983) acknowledges considerable variability in
leachate composition among landfills, their results are considered useful for comparison
purposes. In general, sanitary landfill leachates have a high inorganic component. For
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the most part, results of WRL analyses are within typical ranges. However, WRL
leachate results do indicate higher than typical sodium and chloride concentrations.
Chloride ranged from 1,160 mg/l to 17,300 mg/l. Sodium ranged from 968 to 10,200
mg/], and potassium ranged from 710 to 1,750 mg/l. Calcium and magnesium ranged
from 29.9 to 241 mg/1 and 57.1 to 812 mg/I, respectively. The iron concentration ranged
from 5.47 to 93.1 mg/1.

4.2 Si 1

4 n li Deposi

The thickness of the unconsolidated materials range from 8 feet at the Acme Solvents
site (B4) to greater than 70 feet (P4R) at the western boundary of WRL (although
bedrock is exposed in places at Acme Solvents (Jordan, 1984)). The body of the
unconsolidated deposits thicken from east to west, forming a relatively thin, but variable
mantle over the bedrock upland in the east, and filling the deep bedrock valley to the
west (see Drawing 13160-2). This transition begins beneath the eastern margin of the
landfill where the bedrock surface slopes downward forming the preglacial bedrock
valley wall. Under the western portion of WRL, bedrock was encountered in PS (now
abandoned) at 671 feet MSL during an earlier study (Jordan, 1984). The full thickness of
valley-fill sediments was not penetrated in this study, but based on regional information,
the thickness is expected to be about 100 feet under Killbuck Creek near WRL. The
regional bedrock surface topography map shows the elevation of the bedrock surface to
be approximately 600 feet MSL under Killbuck Creek at the western margin of WRL
(Figure 6).

The unconsolidated materials are dominantly sand and gravel deposits near the WRL
and generally form a sequence of sand and gravel or fine to coarse sand in the lower
portions of the unit and change to silt or clay near the ground surface. The uppermost
silt and clay, where present, is generally 1 to 3-feet thick, but was found to be as much as
8-feet thick (G109 and G114) on the south side of the WRL. Fine-grained soil was
present south of Acme Solvents at a thickness of at least 40 feet (B3) (see below).
Portions of the basal sand and gravel were sometimes recognized as weathered bedrock
(B7, B12, B16A, and G111). These severely degraded zones ranged from 6 to 15 feet
thick. To the west, the unconsolidated sediments thicken, as they fill the bedrock valley.
The soil types are dominantly fine to coarse sands with occasional fine to coarse gravel
zones 11 feet (G118) to 40 feet (MW106) thick (Drawing 13160-2).
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The finer grained deposits associated with the Esmond Till Member to the south of the
WRL are predominantly silts and clays with occasional thin sand lenses (B14, B3, B8 and
G111). Boring G111 indicates that the silts and clays are up to 24 feet thick and rest on
5-feet of fine to coarse sand with some gravel underlain by weathered bedrock (gravel
with some sand) and boring B3 indicates the silt and clay interstratified with sand, are at
least 40-feet thick.

4.2.2 Bedr

The bedrock surface elevation is highly variable due to paleoerosional features. The
bedrock map drawing 13160-3, is generalized based on available data. The actual
bedrock surface is expected to show more variability (logs for borings SB-1 to SB-S are
included in Appendix F). To the east of the WRL is a bedrock upland. A bedrock valley
begins to form under the WRL and deepens to the west (see Drawing 13160-3). The
regional bedrock surface topography map illustrates the bedrock upland as a northeast-
southwest trending ridge with valleys to the north and south (Figure 6). The west ends of
these valleys terminate in a north-south trending valley, which slopes to the south. The
full thickness of the Galena-Platteville Groups was not penetrated in this study.
Regional information suggests it is expected to range from 250 feet thick in the bedrock
upland (i.e. the base of the Platteville is at approximately 500 feet MSL) to less than 100
feet thick in the adjacent bedrock valley.

The bedrock near the WRL is composed of dolomite, with chert layers or nodules
commonly noted throughout the dolomite. Shale partings and coatings were noted only
below 695 feet MSL. The dolomite is generally fractured throughout the total depth
sampled. The fractures are dominantly horizontal bedding planes, frequently cross-cut
by high angle or vertical fractures. Vugs (void spaces) are consistently found throughout
the dolomite, with their frequency ranging from slightly vuggy to very vuggy. Cavernous
zones were not noted.
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The rock quality designator (RQD) is a ratio of the total length of recovered pieces of
rock core greater than 4-inches long to the total length of recovered rock core, reported
as a percent. The RQD is a quantitative measure of the degree of fracturing in the
sample. The RQD of dolomite core samples range widely from zero to 100 %, averaging
52.5 %, with a standard deviation of 28.9% (Appendix A). The wide variability in the
RQD provides an indication of the variably fractured nature of dolomite.

A zone of up to 37 feet thick of highly fractured, soft dolomite in the near surface
bedrock was encountered during drilling in previous investigations at borings B16A
(Warzyn, 1985) (752-715 feet MSL), B7 (E&E, 1983) ( 740-715 feet MSL) and B6D
(E&E, 1983) (737-732 feet MSL). The borings where the fractured zones were
encountered are located in the vicinity of the northern intermittent stream, with the
RQDs ranging from too soft to core to 28%. Highly fractured zones (low RQD) were
also found between rocks containing few fractures (high RQD), indicating rock
competence did not generally improve with depth (e.g. B12 (E&E, 1983), G109A
(Warzyn, 1985), G113A, B11A (Warzyn, 1985), and B6D (E&E, 1983)).

4.3 Site Hydrogeolo

4.3.1 Flow Direction

The uppermost aquifer encountered in the vicinity of the WRL changes in character due
to the abrupt sloping of the bedrock surface beneath the site. East of the WRL, and
below approximately its eastern quarter, the water table occurs within the dolomite
bedrock. An approximately northeast-southwest line drawn from well B10 to well B13
delineates the boundary of the occurrence of the water table in bedrock vs
unconsolidated sediments. From this boundary to the west, the water table occurs in
unconsolidated materials. Regardless of the type of matrix material of the aquifer, the
uppermost saturated unit in the immediate vicinity of the WRL is under water table
conditions. The water table also occurs in the silty, clayey till to the south of the site.
The sand and gravel and/or dolomite aquifer beneath the till appears to be under semi-
confined conditions in the areas south of the WRL.
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Groundwater flows from the uplands east of the WRL to the Killbuck Creek valley. The
water table maps prepared for April 6, May 17, June 16, August 8, August 29, October
25, and November 9, 1988, and June 8, 1989, shown in drawings 13160-4 through 13160-
11, respectively, depict generally similar configurations. East of the WRL, the water
table appears to be a subdued expression of the bedrock topography; the water table
slopes to the west, northwest, and southwest from a generally east-west trending
groundwater "high” (or divide) in the vicinity of the northeast-southwest trending
dolomite bedrock ridge (see Drawings 13160-3 through 13160-11). This indicates that
the bedrock topography may be a factor in controlling the water table configuration
where the water table occurs in the bedrock. When the water table occurs in the
unconsolidated materials, the hydraulic gradient decreases and flow converges towards
the Killbuck Creek floodplain to the west of WRL. Water table configurations based on
1988-1989 data are generally similar to those interpreted from ground water levels in
1985 and 1986 (see Warzyn reports in Appendix F), with regards to overall flow
direction. Water levels declined from the first measurements in April 1988 to those
collected in November 1988. This is consistent with the seasonal declines for the period
of January 1985 to April 1986. Drought conditions during the 1988 data collection
activities appear to have accentuated the decline in levels.

The presence of a groundwater mound (April 6, 1988) was the only major seasonal
change in flow direction noted during 1988. The April 6, 1988 water level elevation at
well B7 is greater than at any other well to the east or west on that date. A groundwater
mound is simply an area which has water levels higher than those of the immediate
vicinity. It is thought the mounding is due to higher localized recharge rates in this area.
As discussed earlier, this area is underlain by highly weathered dolomite bedrock. The
presence of periodic groundwater mounds were also noted in in previous investigations;
water table maps prepared from water level data collected in 1985 and 1986 depicted a
groundwater "high” or mound centered around wells B4 and B7 (Appendix F), associated
with the unnamed stream in the area. In March 1985, a marked drop in flow was
observed in the north unnamed stream near well B16 during heavy precipitation and
high surface water runoff, indicating localized recharge to groundwater from the
unnamed stream was occurring. At the culvert upstream of well nest B16/B16A, the
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unnamed stream flow was estimated to be 133 cubic feet per second (59,700 gallons per
minute). A marked decrease in stream flow was noted downstream of the culvert and
well B16/B16A, indicating significant surface water loss to the groundwater (Appendix
F, July 12, 198S report).

4.3.2 Hydraulic Gradien

East of WRL the water table surface drops at a steeper rate than west of the facility (see
Drawings 13160-4 through 13160-11). The drop in the water table surface is over a
specified distance is a measurement of horizontal gradient. Horizontal gradients are
controlled by a variety of factors including distance to recharge or discharge areas and
the permeability of the aquifer. The ability of the aquifers to transmit water
(permeability) appears to be a major component of the differences in the horizontal
gradients noted in the vicinity of WRL. The higher gradients observed in the bedrock
than in the sand and gravel aquifer are consistent with the higher observed permeability
of the sand and gravel. The relationship between gradient, permeability and effective
porosity determines the seepage velocity of the aquifer system.

The potential for vertical movement of groundwater is inferred from the potential
vertical gradients. Water levels from adjacent wells screened at different depths are
compared to the vertical distances separating the wells to estimate vertical gradients.
Naturally occurring downward gradients are indicative of recharge areas while upward
gradients indicate discharge conditions. The presence of downward gradients at a
contaminant source would tend to accelerate the downward dispersion of released
materials. Upward gradients at a source could limit the downward dispersion of
contaminants. The presence of upward vertical gradients could indicate proximity to a
discharge area and discharge of impacted groundwater into a surface water body.

Water level measurements have precision and accuracy much like any other
measurement. Random inaccuracies occur when the measurement is simply recorded or
taken incorrectly potentially resulting in an anomalous result. Systematic inaccuracies
may result from the survey data or the measuring device. The reference point (top of
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inner well casing) is surveyed to + /- 0.01 ft, and the water level measurements are made
to +/- 0.01 ft., for an accuracy of +/- 0.02 ft. When comparing the measurements from
nested wells to determine vertical gradients, the accuracy is +/- 0.04 ft. The combined
accuracy of the measurements must be considered when comparing water level
measurements of nested wells to determine if their differences are greater than the
accuracy of the measurements themselves (i.e. is the difference in the water level
elevations meaningful).

The water level data collected during the Phase I RI from well nests screened in the
dolomite indicate the potential for complex groundwater flow in the bedrock. For
example, well nests G113/G113A and G109/G109A are located near each other, but
their water levels exhibit quite different behavior. The nest G113/G113A shows little
potential for vertical gradients while the nest G109/G109A consistently indicates the
potential for downward vertical gradients. Also, as discussed below, well nest
B6S/MW105/B6D exhibits anomalous behavior which could be attributed to fracture
(i.e. complex) flow in the dolomite.

Well Nest B6S/MW105/B6D. Monitoring well B6S has a S-foot screen with

approximately a 15-foot length from the bottom of the borehole to the annular seal.
Well B6D has a 5-foot screen with an approximately 60-foot long sand pack (distance to
annular seal from base of borehole). MWI105 has a 10-foot screen with the sand pack
extending only about 2-feet above the top of the screen. The water level elevations for
these wells indicate MW105 (intermediate depth well) is generally equal to or greater
than that for B6S (shallower well) and both of these are always greater than those of
B6D (deeper well). The usefulness of the water level measurements are diminished by
the long sand pack of B6D, but the anomalous water level data for these wells still
indicates the potential for complex groundwater flow in the dolomite.

Well Nest B10/B10A. Water level data collected during the Phase I RI show that the
water level elevation at B10A is consistently greater than that of B10. B10 is screened
shallower than B10A indicating that these wells, which are both screened in the
dolomite, show the potential for an upward groundwater flow component at this location.
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Well Nest B11/B11A. The shallower well, B11, had water level elevations equal to or
greater than that of the deeper well, B11A, based on Phase I RI data. This indicates the
potential for no vertical gradient or a downward vertical gradient at this location.

Well Nest BISR/B15SP. Well B15R had water level observations consistently less than
those of the deeper well B15P, indicating the presence of an upward vertical gradient at

this location.

Well Nest B16/B16A. The water level elevations for wells B16 (shallower well) and
B16A (deeper well) show little difference in the values, indicating that the potential for
vertical gradients in the vicinity of these dolomite wells is low. ’

Well Nest G109/G109A. The water level data collected during this RI indicates the
potential for downward vertical gradients at this location since the water level elevation
in the shallow dolomite well G109 is consistently higher than the deeper dolomite well,
G109A.

Well Nest G113/G113A. The water level elevations for the shallow dolomite well G113
are generally about the same as that for the deeper well G113A (except in one case
where G113 was higher) indicating that the potential for vertical gradients in these
dolomite wells is generally low.

Well Nest G116/G116A. The water level elevations for the shallow well G116 are
generally about the same, but sometimes greater than those in the deeper well G116A.
This indicates that downward vertical gradients may sometimes be present, but
groundwater flow in generally horizontal at these wells screened in sand and gravel west
of Killbuck Creek.

Well Nest B13/P§. The water level elevations for these bedrock wells indicate the
potential for downward vertical gradients since the water level elevations of B13 are
consistently greater than that of the deeper well, P6.
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Well Nest P1/MW106. Of the eight sets of water level measurements, for well nest P1-

MW106, five show no measurable difference in elevations, and three indicate the
potential for downward vertical gradients. One of these three measurements (11/9/88),
however, is reported to be in error. According to Mr. B. Kay of the USGS the depth to
water measurement was made from the outer casing instead of the inner casing (see
letter dated April 13, 1989 from Mr. B. Schorle, U.S. EPA to Mr. J. Hill, Warzyn).

Well Nest P3IR/P4R. The water level measurements collected for the Phase I RI
indicate the potential for upward vertical gradients at this location, since the water level
elevations in the deeper well, P4R, are consistently greater that those of the shallow well,

P3R.

A variety of reports have noted anomalies in the water level data collected from wells in
the fractured bedrock upland, indicating the complexity of flow in this dolomite aquifer
including:

The Illinois State Geological Survey (ISGS) concluded that it is very difficult to
monitor groundwater flow and quality in the fractured dolomite at this site because
flow is primarily through the fractures and wells may be monitoring unconnected
fractures (Herzog, et al., 1988) resulting in anomalies in hydraulic head and
groundwater chemistry.

The USGS concluded based on their evaluation of water level elevations from both
the Phase I RI and those of the Acme Solvents RI that flow in the dolomite aquifer
is “extremely complex” (see letter dated 4/3/89, Mr. B. Schorle, U.S. EPA to Mr. J.
Hill, Warzyn).

Hickok (1985) alluded to unexplained anomalies in water level measurements from
bedrock upland wells P8/P9, B6S, and MW104 (page 2.48), resulting in "peculiar”
flow patterns at depth in the dolomite. These peculiar flow patterns could be
described as groundwater sinks (areas where groundwater leaves the system locally)
and could be explained by zones of high permeability, if present.

Jordan (1986) stated that "... the water level in MW-202 is at about the same
elevation as that in the shallow wells, and the highly fractured zone in MW-202 is
obviously not in direct hydraulic connection with either B-6D or the deeper MW-
201A and MW-201B. Apparently the highly fractured zone in MW-202 is
hydraulically connected through fractures to the water table area near B-4". Jordan
(1986) concluded that groundwater flow in the dolomite is controlled by the
presence of highly fractured zones.
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On a regional basis, a study by the United States Geological Survey (USGS) of a site
situated over the Platteville and Galena aquifer in Ogle County, Illinois, concluded that
"Movement of water in the dolomite is mainly through joints, fractures and solution
openings.” (Kay, et al., 1989). It was noted in a recent report concerning flow in a
fractured dolomite aquifer in Door County, Wisconsin, that groundwater flow is complex
and field testing located a fractured zone where groundwater flow velocities ranged up to
18 meters per day (Bradbury, et al,, 1989). Flow through fractures is in some ways
analogous to pipe flow. There may be a large gradient from inside to outside the pipe,
but flow will only occur through the connected piping system under a perhaps lower
gradient (except for leaks). Hydraulic gradients are important in determining
groundwater flow, but groundwater flow paths are controlled by the permeability.

4.3.3 Hydrauli nductivi

Table 1 lists the hydraulic conductivity results from permeability tests conducted during
this investigation and the results of testing completed by E.C. Jordan (1984). The
equivalent hydraulic conductivity of the dolomite bedrock ranges from 2.4 x 10-2 to
4x10-6 centimeters/second (cm/s) with a geometric mean of 2.5 x 104 cm/s. The
hydraulic conductivity of the unconsolidated deposits ranges from 3.7 x 10-1 to 8 x 10-4
cm/s with a geometric mean of 7 x 10-3 cm/s. The slug tests were evaluated according to
the method of Bouwer and Rice (1976). Results for both the unconsolidated deposits
and the dolomite bedrock range over about three orders of magnitude, with the dolomite
bedrock results tending toward lower values.

4.4 Groundwater Chemistry

Groundwater samples for the Phase I RI were collected during two sampling rounds, one
during April and the other during June, 1988. Sampling locations and analytical
parameter lists are described in Section 2.

4.4.1 Inorganics
As discussed earlier in Section 4.1, the WRL leachate has a high inorganic component,

consistent with other solid waste landfill leachates. The inorganic components of the
leachate can be used to discriminate between WRL leachate affected wells and
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unaffected wells. Figure 9 is trilinear plot of the major cations calcium (Ca), magnesium
(Mg), and sodium plus potassium (Na + K) (as percent of total meq/l) which are often
used to discriminate between groundwater types for both groundwater and leachate
samples. The WRL leachate samples plot as a Na + K rich water while upgradient or
unaffected wells plot as Mg and Ca rich, forming the end points of a continuum
encompassing wells apparently affected by WRL. Johnson and Cartwright (1980) used
this approach and also found landfill leachate to be Na + K rich and were able to
discriminate contaminated versus uncontaminated samples on this basis.

The major cation discrimination of leachate impacted groundwater is supplemented by
the strong positive correlation between Na + K and the chloride ion (r2 = 0.998)
(Figure 10). The chloride content of the WRL leachate is greater than typical landfill
leachate (Table 3), and significantly higher than that of groundwater in the area. The
near perfect correlation between chloride and Na + K, and the large chloride
concentration contrast between groundwater and WRL leachate indicates that chloride
can be used to discriminate between WRL leachate affected and unaffected wells.
Johnson and Cartwright (1980) were also able to discriminate between leachate
contaminated and uncontaminated water samples on the basis of the higher chloride
content of the contaminated samples. Chloride is widely recognized as a conservative,
non-reactive parameter in groundwater systems (Bently, et al., 1986; Freyberg, 1986;
Wehrmann, 1983; Hem, 1989; Feth, 1981), which means it does not biodegrade or react
with the aquifer matrix. The only attenuation mechanism applicable to chloride is
dilution during transport. The conservative non-reactive nature of chloride coupled with
the high contrast in chloride concentration between leachate and groundwater make
chloride a very good "tracer” of the presence of leachate in groundwater.

Background concentrations of a specific constituent are typically determined from
hydraulically upgradient or side gradient wells. Based on potentiometric data available
all wells east of Lindenwood Road are upgradient as are wells B12, G109, G109A, G111,
G113, and G113A located west of lindenwood Road. The range of chloride
concentrations determined from these wells over time is 3 mg/1 to 62 mg/l (Appendix
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C). While this range may appear broad, the concentrations are significantly below the
average measured chloride concentration of the leachate of 4,474 mg/1.

Inspection of figures 11 and 24 reveals two general areas where chloride concentrations
appear to be elevated:

the northwest quadrant of WRL, and
at well G110.

At the northwest quadrant of WRL, Round 1 groundwater data for wells B15, B15R,
MW106, P1 and P4R all exhibit elevated chloride concentrations (Figures 12 and 13).
These are the same wells which form the continuum between WRL leachate and
unaffected wells on figure 9 with respect to the Ca, Mg and Na + K cations.

Round 2 groundwater results for chlorides indicate a similar pattern at the northwest
quadrant of WRL, except that well G116A showed an increase in chlorides, indicating
that the WRL leachate plume has migrated west below Killbuck Creek (Figures 14 and
24).

Rough estimates of simple dilution of the average chloride concentration of leachate to
the chloride concentration in groundwater samples from well G116A range from 52
times (Round 2) and 170 times (Round 1)(Table 4). Feth (1981), a review of the
chemistry of chloride by the USGS, quoted Piper, et al., (1953) as follows "... only
chloride probably remains chemically inert in the zones of contamination. Hence the
amount of this constituent can be taken to indicate the proportion of the mixture.” All
other components of the leachate should at a minimum exhibit the same level of dilution
as for chloride during transport to well G116A, but attenuation should be much greater
for metals and organic compounds. Most metals and organic compounds are reactive
and non-conservative in groundwater systems due to processes such as cation exchange,
biodegradation, and/or adsorption, which tend to further reduce their concentrations in
groundwater resulting in a dilution factor greater than that of chloride.
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The second area exhibiting elevated chloride levels is at well G110. Samples from
neighboring wells do not contain elevated chloride concentrations, indicating that the
presence of leachate is quite limited (Figures 15 and 16). The chloride anomaly at well
G110 has been previously attributed to surficial leachate seeps along the southern slope.
More recently, it was learned that the leachate-hauling trucks were loaded near well
G110 at the base of the slope. Both of these conditions could have contributed to the
presence of chlorides at well G110. The seeps are currently under control and leachate
is now loaded on top of the landfill.

Elevated alkalinity and depressed pH readings were noted at well B4 (at Acme Solvents)
and at wells adjacent to the WRL (Figures 17 and 18). The alkalinity and pH follow a
similar pattern to that for VOCs (see later discussion) along this transect. The ambient
alkalinities for upland bedrock wells G102, G111, B6S, B6D, B7, B9, B16, B16A,
MW104, MW105, and MW107 ranged from 238 mg/1 to 344 mg/1, and for selected wells
in the unconsolidated materials (B14, G117, G118A, G118R, G119, and G119A) the
alkalinities ranged from 110 mg/1 to 395 mg/], indicating the alkalinity results for upland
bedrock wells cover a similar range as that for unconsolidated materials wells. Alkalinity
measurements typically are an indication the amount of bicarbonate/carbonate
equivalents present, but may also include other titratable species. As discussed above,
elevated chlorides, which are a reliable indicator of the presence of WRL leachate follow
a different pattern than these geochemical anomalies. This indicates that WRL leachate
is not responsible for these anomalies where elevated chlorides are not present, which is
consistent with the upgradient location of these wells. Because elevated alkalinity and
depressed pH are found at well B4, it becomes possible that an upgradient source may
be responsible for these geochemical anomalies.

Although it has not been quantitatively determined, it is possible but not probable that
the carbon dioxide portion of the landfill gas (if present) could be a potential cause for
the geochemical anomalies at the landfill borders. The potential for landfill gas to be the
source of the anomalies is small since a landfill gas extraction system, which retards gas
migration from the site has been in place and operational since 1980. The potential for
any residual influences of CO7 on the groundwater system is extremely remote.
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A comparison of metals and chloride results at individual well locations with Safe
Drinking Water Act (SDWA) standards is given in table 8. Results in table 8 are the
mean of observations from Rounds 1 and 2 when samples from both rounds had
detectable concentrations. Barium was detected at concentrations exceeding the SDWA
Primary standard of 1000 ug/l at three locations (B4-1605 ug/l; MW106-1040 ug/1; and
P1-1070 ug/1). Cadmium was in excess of its SDWA Primary standard of 10 ug/! at one
location (G109-16 ug/1).

The SDWA Secondary standard for chloride of 250 mg/l was exceeded in wells B1S5,
B15SR and MW106. Secondary SDWA standard for iron of 300 ug/1 was exceeded at six
locations (B15R, G115, MW106, P1, and P3R), and for the manganese standard of 50
ug/1 was exceeded at eleven locations (B15P, B15R, G109, G109A, G114, G115, G117,
MW106, P1, P3R, and P4R). SDWA Secondary standards are based on aesthetic
considerations only.

Cyanide concentrations ranged from not detected to 0.494 mg/l. The U.S. EPA Ambient
Water Quality Criteria (adjusted for drinking water only) for cyanide of 200 ug/1 (U.S.
EPA, 1986b) was exceeded only once in a sample from well G116. Since chloride results
from G116 did not indicate that WRL leachate has affected it, this exceedence in not
related to a release from WRL.

Most total phenol measurements were less than 25 ug/l and qualified as estimated due
to the detection of total phenolics in blank samples. Total phenolic concentrations
exceeded 25 ug/l at only two locations; B15 (145 ug/l) and G110 (170 ug/1), at
concentrations well below the U.S. EPA Ambient Water Quality Criteria (adjusted for
drinking water only) for phenol of 3,500 ug/1 (U.S. EPA, 1986b).

442 Volatiles

A comparison between first and second round VOC results shows that results are
generally consistent in the compounds detected and the concentrations observed
between rounds. This consistency indicates that potential effects of having exceeded
holding times for Round 1 samples are relatively minor. For both rounds, GC and
GC/MS methods gave comparable results (Tables 5 and 6).
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Results of Round 1 analyses are in many cases qualified. The main reason for these
qualifiers is exceedence of holding times prior to analysis by the performing laboratory.
Analyses performed after holding times were exceeded were primarily reanalyses
required because of unacceptable surrogate recoveries during the initial analysis. As a
guide during data validation, results were considered estimated if holding times were
exceeded by less than 7 days and unusable if exceeded by greater than 7 days. A
potential effect of exceeding holding times on sample results is a change in composition
as a result of biological activity. This is likely to have a greater effect on aromatic
compounds, which more readily undergo biodecomposition, than halogenated volatiles.
As past data and data from Round 2 indicate that halogenated volatiles are the
compounds of primary concern at this site, the hold time exceedence probably did not
greatly affect data quality.

Analyses of Round 2 samples were performed within specified holding time limits. Ina
few instances, data are qualified as estimated because detector performance indicators
(surrogate recoveries) showed deviations from control limits. Although deviations in
surrogate recoveries were not consistent among samples, they were relatively minor
(within 10% of control limits in most cases), therefore the data are generally considered
to be of acceptable quality.

Figures 19 and 25 are maps of total chlorinated ethenes (PCE, TCE, DCE, VC) in the
area groundwater for Round 1 and Round 2 data. The highest chlorinated ethene
concentration is found at B4 on the Acme Solvents site with the second highest levels
found just west of Lindenwood Road south of WRL. Both areas are upgradient of the
WRL, and not associated with elevated levels of chlorides indicating WRL leachate is
not the source of the VOCs. The highest concentration of VOCs are found at the Acme
Solvents site, which is consistent with the disposal of large quantities of solvent wastes.

Samples from private water supply wells G and H located east of Lindenwood Road
(Drawing 13160-1), have exhibited significant levels of chlorinated ethenes in the past.
The chlorinated ethene data compiled from various studies in Appendix C for wells G
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and H shows the concentrations ranging from 48 ug/1 to 224 ug/l and not detected to 582
ug/], respectively. Measurable levels of chlorinated ethenes have been found in samples
from 9 monitoring wells between the Acme Solvents site and WRL (B11, B11A, B16,
B16A, B9, B6S, B6D, MW201A, and MW10S) documenting the presence of VOC
contamination between the sites. Five wells (B11, B11A, B16, B16A, and B6D) have
shown considerably elevated levels of total chlorinated ethenes with a high of 224 ug/1 at
well B16. These data document the past presence of significant levels of chlorinated
ethenes upgradient of the WRL between the area south of WRL and west of
Lindenwood Road and well B4 at Acme Solvents.

The chlorinated ethenes form a pattern different from that of the chlorides (Figure 11
and 24). Chlorinated ethenes are found both inside and outside of the WRL leachate
chloride plume, indicating that the WRL leachate plume is overprinting a pre-existing
chlorinated ethene plume. For example, the Round 2 sample from G111 (22 mg/1
chlorides) contained chlorinated ethenes without elevated chlorides (i.e. an area not
affected WRL leachate) indicating the potential for VOCs to migrate west of
Lindenwood Road.

Figure 20 is a plot of Round 2 total chlorinated ethenes along transect D-D’; a cross-
section along the southern boundary of the site. Comparison with figures 15 and 16 of
chloride content reveals there is no apparent relationship between the "leachate tracer”
and presence of total chlorinated ethenes. Chlorinated ethenes are present both inside
and outside of the zone of elevated chlorides (shaded area on figure 20). This indicates
that the WRL leachate presence is overprinting a pre-existing ethene plume in this area.
These plots also show that total chlorinated ethene content varies considerably with
location as shown by the total chlorinated ethene results of wells G113A (532.6 ug/1) and
G109A (115.1 ug/1). This irregular distribution could be the representation of
preferential flow in the fractured rock, as discussed in Section 4.2.2.

Along transect C-C’; a cross-section to the north of the site, Round 2 chlorinated ethenes
are present upgradient of the WRL and extend below and past WRL (Figure 21).
Comparison of these plots with chloride results depicted in figures 13 and 14 reveals the
presence of VOCs both inside and outside of the WRL leachate chloride plume (the
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chloride plume is shaded on figure 21 for convenient review). This indicates that the
WRL plume is overprinting a pre-existing ethene plume in this area. Note that well
B1SP has been impacted by VOCs but not chlorides, indicating the VOCs originating
upgradient of WRL have traveled that far without being overprinted by WRL leachate.

VOC:s are present hydraulically upgradient of the WRL and are affecting the background
water quality beneath the landfill. Figure 22 depicts a total VOC plume along transect
C-C’ being present throughout the aquifer area studied adjacent to the WRL, and
overprinted by a WRL leachate plume originating from near the center of the landfill.
Figure 22 shows that total VOC pattern in the groundwater is consistent with that of
total chlorinated ethene results.

A previous investigation conducted by Warzyn in 1984, found VOCs to be present in
groundwater west of the landfill. In 1984, at the now abandoned well nest P3/P4/PS,
chlorides were found at background concentrations and VOCs were present, indicating
the landfill leachate was not the source of these VOCs detected west of the fill area
(Warzyn, 1985). This indicates that a VOC plume unrelated to WRL leachate migrated
west (downgradient) of WRL. The deeper well of replacement well nest P3R and P4R
(i.e., P4R) installed at a location downgradient from original wells P3/P4/PS, had VOC
and elevated chloride levels in both rounds of sampling in this study, indicating that the
WRL plume has now overprinted the pre-existing VOC plume in this area.

Simple dilution calculations for VOCs in leachate versus groundwater are showing less
dilution than a similar comparison of the chloride data (Table 4). This is not consistent
with the expected relative behavior of VOCs versus chlorides, further suggesting that
WRL leachate is not the source of VOCs in groundwater based on the chloride dilutions
noted. VOCs present in WRL leachate should be reduced to nearly non-detectable or
non-detectable levels during transport to the furthest downgradient wells. Another
anomaly is the lack of TCE detected in the WRL leachate but the presence of TCE
detected in many of the groundwater samples, providing additional evidence that WRL
leachate is not a source of TCE or its degradation products in groundwater.
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Additional evidence that WRL is not a source of VOCs comes from Hickok (1985) who
reported that the correlation coefficient between total VOC content and DCE content is
r = +.999 for the groundwater data from the Ecology and Environment (1983) report
and the Jordan (1984) report, both of which include wells west of Lindenwood Road.
This indicated that DCE content is highly related to the VOC content of groundwater
rather than due to a second source as speculated by Jordan (1984). Hickok (1985) stated
in their report that this implied ". . . in the general vicinity of the Acme site, groundwater
contamination with VOCs is virtually co-definitional with groundwater contamination
with DCE” (p. 1.18). Hickok (1985) added that this relationship is contradicted by the
sparse detection of DCE in test pit samples from the Acme Solvents site reported in the
Jordan (1984) study as follows:

Acme Solvents Site

Test Pit Samples DCE (ug/kg) Total VOC Content (ug/kg)

1S4 2,500 143,800
4 S-3 3,200 1,140,800
4 S-5 20,000 1,412,000
583 69 3,583

The DCE detected in groundwater samples may also be a result of biodegradation,
either in source area soil in the vadose zone prior to reaching the groundwater or in the
groundwater, so it is perhaps more important to note that the assumed parent
compounds (PCE, TCE) were found in measurable concentrations in all but three of the
fifteen test pits (pits 11, 13 and 14). And as shown above, the total VOC content for the
selected test pit samples ranged from 3,583 ug/kg to 1,412,000 ug/kg. Viewed in this
context, the above Acme Solvents test pit soil results are not in conflict with the
groundwater results since the total VOC content was relatively high, parent compounds
were widely detected in test pit samples, and DCE, when detected, was relatively high in
concentration in test pit samples.

VOCs detected in groundwater other than chlorinated ethenes or ethanes were in most
cases observed at relatively low concentration (<10 ug/l). An exception was methylene
chloride, which was observed at several first round locations at concentrations ranging
from 10 to 20 ug/l. However, first round blanks also had methylene chloride at about 20
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ug/l, so results are likely due to sample contamination. Other VOCs detected at
concentrations greater than 10 ug/l include: 1,4-dichlorobenzene (B12-18] to 22 ug/|,
B13-11 ug/l; B15-13 to 16 ug/l; G114-45 to 63 ug/1); 1,2-dichloropropane (B12-11 ug/l;
B13-10 ug/l; G114-11 ug/l); chloroform (B13-11 ug/l); benzene (G110-15 to 17 ug/l);
and 1,1,2,2- tetrachloroethene (G109A-19 ug/1). (Note: 1,4 dichlorobenzene is a target
VOC for analyses by GC using Hazleton’s method. It is also a target analyte for semi-
volatiles analyses using CLP protocols). In addition to chlorinated ethenes and ethanes,
xylenes (34 ug/1) were also detected at location B4.

Factors which may be playing a role in the apparent distribution of VOCs in the
groundwater are:

1) Intermittent and spatially variable recharge could break up the VOC plume as
modeled by Jordan (1984);

2) Biodegradation may alter the pattern of VOCs in the groundwater;

3) The pattern of VOCs may be an artifact of the current well placement in a
fracture flow dominated aquifer (i.e., a higher density of wells is present in the
area just west of Lindenwood Road south of WRL, increasing the chances of
intercepting a VOC-containing fracture (Figure 1); or

4) A second source of VOCs.

Intermittent and Spatially Variable Rechar

The apparent bimodal distribution of VOCs in the area groundwater could be the result
of intermittent and spatially variable recharge. As discussed in Section 4.4.1, the upland
area east of the WRL receives excess groundwater recharge along the intermittent
stream during precipitation and associated runoff events. The recharge noted could
complicate the groundwater VOC chemistry by locally introducing relatively clean water
into the dolomite aquifer. Computer modelling by E.C. Jordan (1984) indicates that
such recharge could produce the VOC pattern currently observed.

A second aspect of the influence of variable recharge are waste disposal practices used at

Acme Solvents. The pattern of VOCs in groundwater could be related to the pattern of
disposal over time and location. Waste volumes, type, and disposal location varied over
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the operating life of Acme Solvents, and in 1986, much of the remaining waste material
at Acme Solvents was removed.

Figure 23 is a plot of total concentration of VOCs over time for selected wells north,
south and east of WRL. In these selected wells, VOC concentrations generally decreased
from the beginning of data collection in 1982 until May 1984. After which, VOC
concentrations increased to a maximum in January 1985 and continued to decrease to
April 1988. Of these selected wells, the well with the highest VOC content has shifted
downgradient from B12 to B13. These trends are consistent with the interpretation of a
passing slug of groundwater with higher VOC concentrations. Samples from
piezometers B16A, B10A and B11A did not show this effect indicating that this trend is
not due to bias associated with variation in sampling or analytical procedures.

Biodegradation

A previous study of Acme Solvents and WRL as part of the NPL listing process noted a
bimodal distribution of organic compounds in the groundwater in the area (Jordan,
1984). It appeared that the relative amount of trans-1,2-dichloroethene under WRL was
greater than under the Acme Solvents site. EPA methods typically used to analyze
groundwater samples for VOCs do not differentiate between the cis- and trans-isomers
of 1,2-dichloroethene (1,2-DCE) and the results are reported as the trans-isomer (Cline
and Viste, 1985). Subsequent testing has shown cis-1,2-DCE to be the dominant isomer
present in the area groundwater. The differentiation of isomers is important to the
interpretation of the VOC transport in groundwater, since the presence of cis-isomer of
1,2-DCE is indicative of biologically mediated degradation of more chlorinated parent
species. Wood, et al. (1981) determined that biodegradation of trichloroethane produces
dominantly the cis-isomer of 1,2-DCE with traces of the trans-isomer as well.

Vinyl chloride (VC), 1,1-dichloroethene, cis- and trans-1,2-dichloroethene, 1,1-
dichloroethane and chloroethane are either not commercially produced or are not in
wide use (i.e., used in specialized industries) as are parent compounds such as
tetrachloroethene (PCE), trichloroethene (TCE), 1,1,1-trichloroethane and methylene
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chloride (Wood, et al., 1981), which further suggests that the presence of less chlorinated
compounds in groundwater may be due to a degradation process. Biodegradation of
chlorinated ethenes and ethanes in groundwater occurs under anaerobic conditions
through the loss of a chlorine atom (Vogel, et al., 1987). Wood, et al., (1981) and Vogel
and McCarty (1985) found PCE to degrade to TCE, then to DCE and finally to VC.
Studies by Wilson, et al., (1986) and Barrio-Lage, et al., (1986) additionally determined
that the cis-isomer of DCE degraded to chloroethane as well as VC.

The percent of an individual ethene to the total concentration of ethenes provides a
gauge as to the relative level of degradation present. Dolomite wells east of Lindenwood
Road generally have the highest percentage of PCE, while unconsolidated material wells
and dolomite wells west of Lindenwood Road tend to have the highest percentages of
VC, with no clear distinctions for TCE and DCE (Table 7). In addition, nearly all the
DCE detected in Round 1 and Round 2 samples was the cis-isomer. The decrease in
PCE as a percentage of total ethenes, the increase in VC as a percentage of total
ethenes, and the dominance of the cis-isomer of DCE suggest that biodegradation of
chlorinated ethenes may be occurring and playing a role in the distribution of VOC:s in
the groundwater.

Artifact of Well Placement
Another factor contributing to the appearance of an apparent bimodal distribution of

VOCs in the groundwater upgradient of WRL is an artifact of monitoring well
placement, both horizontally and vertically. Since the closest well nest (B6S, B6D, and
MW105) to well B4 at the Acme site has not intercepted a VOC plume with
concentrations expected of a solvent waste disposal site situated directly on fractured
dolomite, it appears that the existing monitoring well system has not defined the extent
of VOC presence in the dolomite aquifer on the Acme Solvents site near well B4. Well
B4 has historically had the highest concentration of VOC of any project wells. Only
MW202, located near well B4 at the Acme Solvents site, has intercepted groundwater
with high concentrations of VOCs (3070 ug/l-Table 2, Jordan, 1986).
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The following discussion illustrates how vertical placement of the well intake and seal
depth can influence the "apparent” distribution of VOCs when plotted horizontally on a
map. As previously noted in Section 4, fractured dolomite is difficult to monitor since
flow is dominantly through fractures. A "highly fractured zone” is reported by Jordan
(1986) at about 650 to 655 ft. MSL in MW202. B6S and B6D are screened above this
zone and MW201A and MW201B, located close to wells B6S and B6D, are screened
much below this zone. All of these wells appear to contain low concentrations of VOCs.
MW202, which is screened in the highly fractured zone, has VOCs at concentrations
similar to that of well B4 which has had the highest concentration of VOCs of any
monitoring well. Well B6D, is reportedly screened just into or above this highly
fractured zone. [Note that the boring log for B6D does not note that a highly fractured
zone was encountered (E&E, 1982).] Given the long effective screen interval of well
B6D (60 feet), a sample from this well may not be representative of the groundwater
quality at the well base, and VOC results could be biased low if upper zones of the
dolomite intersected by the effective interval were less contaminated by VOCs (i.e., the
sample gets diluted). Results from shallower wells B6S and MW105 do shown VOCs at
concentrations substantially less than that detected in MW202. For example, had well
G113A been constructed similarly to B6D, the VOC results would probably be much
lower in concentration.

Well B9 also contributes to the misconception that groundwater between Acme Solvents
and WRL are not impacted by VOCs. VOCs have only been found in well B9 in January
1985 at a total VOC concentration of 0.8 ug/1 (Warzyn, 1985). Well B9 is a water table
well screened significantly above the fracture zone found in well MW202, but when
plotted on a map gives the "appearance” that VOCs are not present at this location. In
reality, monitoring well B9 provides no information concerning the water quality at
depth. B9 is the only dolomite well south of STI-SI and STI-5D and between
Lindenwood Road and west of nest B6S/B6D/MW105/MW201A/MW201B.

Well B7 is a water table well located west (i.e., downgradient) of the north intermittent
creek. Groundwater quality in this area as represented by samples from B7 could be
affected by dilution from recharge from the north intermittent stream.




Interim Groundwater Quality Evaluation
Winnebago Reclamation Landfilf

March 7, 1990

Page 41

Well nest B16/B16A is located north of the water table "ridge” (or divide) as shown on
the potentiometric maps (see Drawings 13160-4 to 13160-11) and could potentially be
out of direct line from the assumed source areas (see Jordan, 1984) at Acme Solvents.
The deepest well B16A is screened at a shallower depth than the highly fractured zone at
MW202, and could miss a “potentially” dominant flow path in the fractured rock.

Well nest STI-SI/STI-SD was installed in June of 1988 according to information
contained in a letter dated June 30, 1989 from Mr. B. Schorle (U.S. EPA) to Mr. Hill
(Warzyn). Inspection of the preliminary logs indicate that the boreholes were drilled
using air rotary which could have stripped any VOCs present in the area of the borehole
(note that air circulation was lost completely from the 121 to 180-foot interval). The
effective screen interval of STI-SI is 20 feet which could lead to dilution of the sample
(U.S. EPA, 1986a). The boring log for STI-SD also indicated the presence of an oil film
on the surface of the formation water fifteen feet above the top of the completion zone
of STI-SI (according to the boring log of STI-SD) suggesting the presence of a
contaminated zone above the completion interval. This well nest may also be north of
the main plume as indicated by increases in VOC content in a southerly direction from
B11A to G109A to G113A.

As discussed earlier, VOCs are present in the groundwater between the two sites, but the
existing upgradient groundwater monitoring system has not adequately characterized the
VOC groundwater plume from Acme Solvents. The above discussion points out that the
apparent bimodal distribution of VOCs may merely be a artifact of upgradient well
placement, both horizontally and vertically. The paucity of optimally located and
constructed monitoring wells between the sites defining the extent of upgradient VOC
contamination contribute to the misconception that groundwater between the Acme
Solvents site at well B4 and Lindenwood Road has not been affected by VOCs.
Groundwater chemistry should be interpreted in light of the well location, (both
horizontally and vertically), and well installation and design aspects.
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Second Source

Another possible alternative to explain the observed VOC distribution is a second source
of VOCs. Warzyn (1985) noted the possibility that the high nitrates detected at private
well G could indicate the presence of septic wastes and animal carcass wastes. It has
been shown that household septic systems do contain chlorinated VOCs (DeWalle, et al.,
1985) and that septic systems have the potential to pollute groundwater (Wehrmann,
1983). The issue of landfill gas migration as a source has been raised, but is not
considered a viable alternative because:

a previous study found landfill gas to be migrating off-site but migration was
found only in highly permeable unsaturated soils above the bedrock, indicating
that the gas was not in contact with the groundwater table present in bedrock
(Warzyn, 1980);

a gas extraction system has been in operation since 1980 controlling the landfill
gas;

the WRL leachate contains lower concentrations of VOCs than the groundwater
samples from wells southeast of the WRL, indicating that it is unlikely that
significant amounts of VOCs could be or were in the landfill gas; and

the WRL generally accepted municipal waste with limited quantities of Illinois
Special Wastes (WRL, 1984), and so would not be expected to be able to release
significant amounts of VOC:s like a solvent disposal site might.

4.4.3 Semi-Volatiles

Results of analyses of groundwater samples for semi-volatiles are generally considered to
be of acceptable quality. In two instances, target compounds were detected at
concentrations above detection limits. In both cases, the compound was 1,4-
dichlorobenzene (B15-11 ug/l and MW106-12 ug/l). Tentatively identified compounds
(TICs) were detected at both B1S and B1SR. These compounds were estimated to be
present at relatively low concentrations (<50 ug/l). Those identified were primarily
phenols and carboxylic acids.

4.4.4 Pesticides/PCBs

Results of pesticide and PCB analyses showed no target compounds at detectable levels.
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4.5 Surface Water and Sediment Analyses

Surface water (SW) and sediment (SD) samples were collected at five locations along
Killbuck Creek during Round 1 sampling (see Drawing 13160-1). Four of the sampling
locations are downstream of the landfill (SW1 through SW4 and SD1 through SD4). The
furthest upstream location is considered to represent background conditions (SWS and
SDS).

4.5.1 Inorganics - Indi

a. Surface Water

Surface water samples were analyzed for field pH, field specific conductance, phenols,
chloride, alkalinity, arsenic, barium, and cadmium. Results for pH showed no upstream-
downstream trends, but rather showed little variation, ranging from 7.81 to 7.89.
Similarly for specific conductance results, no upstream-downstream trends were noted as
the results were relatively constant, ranging from 570 umhos/cm to 620 umhos/cm.
Alkalinity results ranged from 186 mg/l to 217 mg/l. Chloride concentrations ranged
from 25 mg/l to 27 mg/l. Again, no upstream-downstream trends were noted in either
the alkalinity or chloride results.

Arsenic was not detected in any of the samples. Cadmium was detected only in sample
SW1 at 0.8 ug/l. Barium was detected in all samples at concentrations ranging from 70
ug/! to 80 ug/l. No upstream-downstream trends were noted in the barium results. Both
barium and arsenic concentrations found are significantly below the Interim Primary
Drinking Water Standards of 10 ug/1 and 1000 ug/l respectively. Phenols were detected
only in SW3 and SWS (upstream background sample) at 9 ug/l and 7 ug/l, respectively.
The concentration of phenols in SW3 is similar to that of the background sample (SWS5)
and appear to reflect ambient conditions.

The USGS maintains a surface water monitoring station on Killbuck Creek downstream
from the WRL at the bridge on State Highway 251 (Figure 1). For the period from
October 28, 1987 to September 15, 1988, nine samples were collected and instantaneous
discharge of the stream recorded. The samples were tested for a variety of parameters
including pH, specific conductance, hardness, calcium, magnesium, sodium, barium, and
manganese (Appendix G). The parameter concentrations showed little correlation to
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the discharge rate of the stream. The pH, specific conductance and barium
concentrations were similar in value to the results of the samples of this study.

Since upstream-downstream trends in the results are not evident in the surface water
samples from this study, WRL does not appear to be impacting the water quality of
Killbuck Creek. In addition, comparison of the data from this investigation to the USGS
data indicates that this conclusion is valid at other stream flow discharges, since the
parameter concentrations (USGS data) do not vary with discharge.

b. Sediments

Sediment samples were analyzed for 23 metals and cyanide. The results do not exhibit
any upstream-downstream trends and downstream sample concentrations are generally
comparable to those of the background sample SD5. The sediment results for metals are
also at or below the mean values for soils reported by Connor, Shacklette and others
(1975), except for calcium and magnesium as would be expected due to the presence of
dolomite bedrock at this site. Connor, Shacklette and others (1975) conducted a study to
determine the "large scale” or "ordinary” natural geochemical variation in rocks, soils and
plants in the conterminous United States. Since upstream-downstream trends are not
evident and sediment concentrations of downstream samples are comparable to both the
background sample (SDS) and reported values (Connor, Shacklette, et al. 1975), WRL
has not impacted the sediments in Killbuck Creek.

4.5.2 Volatiles

a. Surface Water

Results of analyses indicate that VOCs are not likely present in stream waters or
sediments at measurable levels. Results for surface water at location SW1 showed
methylene chloride at 19 ug/l. Methylene chloride was also detected in the field blank
(FB03) at 20 ug/l. Methylene chloride is a typical field/laboratory contaminant, which is
likely to account for this result. VOCs were not detected in sample SW2, but the SW2
GC/MS confirmation sample contained 0.29 ug/l of chloroform. The only other surface
water sample having measurable VOCs was collected at location SW3, where 5 VOCs at
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low concentration (within 1 to 3 ug/l1 of their detection limits) were detected. However,
a duplicate sample collected at SW3 had no detectable VOCs. The field blank (FB04)
shows two VOCs at low concentrations. Because the detection of VOCs was not
duplicated and VOCs were present in the field blanks, these results probably reflect
field/laboratory contamination.

b. Sediments

Results of VOC analyses for sediment samples indicated chloroform may be present in
two of the five samples at low concentrations (2 ug/kg). However, results are below
method detection limits (i.e., the level of lowest numerical quantification) and are
considered estimated. No other VOCs were detected. Although not detected, results for
aromatic compounds are qualified as estimated. This qualification was necessary
because sample holding time prior to analysis exceeded the seven day period specified in
the QAPP by 3 to 4 days. It is possible, but not probable since the holding time
exceedences were small, that biodecomposition could reduce concentrations of aromatics
in the samples. But, because of this possibility and because holding times were
exceeded, the negative results for aromatics are qualified as estimated.

4.5.3 Semi-Volatiles

Semi-volatiles (SVOCs) analyses were performed on sediment samples. Except for
sample SDS, only phthalates (bis(2-ethylhexyl)phthalate and di-n- butylphthalate) were
detected. Phthalates tend to be ubiquitous due to their widespread use as plasticizers.
At the upstream location SDS, several polycyclic aromatic hydrocarbons (PAHs) were
detected at low concentrations (less than method detection limits).

4.5.4 Pesticides /PCBs

No pesticides or PCBs were detected in sediments.
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SECTION 5
MARY AN MENDATI

5.1 Summary
The primary focus of the Phase I RI is to determine if the WRL is impacting the

groundwater system. On the basis of available data, it has been determined that two
distinct groundwater plumes exist. The WRL leachate plume is distinguished by its
elevated chloride content, while the pre-existing VOC plume is distinguished by the
absence of elevated chloride levels. Based on this analysis, the VOC plume was present
downgradient of the western boundary of the WRL as early as 1984, at a location where
the WRL plume was absent. The high inorganic character of the leachate and the
conservative, non-reactive nature of the chloride ion play an important role in the
analysis.

The groundwater flow direction is generally from east to west, making WRL
downgradient of the inactive Acme Solvents site. Given the high concentrations of
VOCs detected in groundwater monitoring wells adjacent to Acme Solvents (B4 and
MW202) and the reported placement of large quantities of liquid wastes containing
VOCs on the Acme Solvents site in areas without viable containment, it appears Acme
Solvents has released large quantities of VOCs to the groundwater system. The extent of
releases from Acme Solvents have not been adequately defined by the existing
monitoring network downgradient of Acme Solvents and upgradient of WRL.
Preferential flow through fractures has masked the release downgradient from Acme
Solvents in the dolomite aquifer. Results of this study have documented that VOCs have
affected the WRL background water quality and that the apparent distribution of VOCs
in the fractured dolomite aquifer may be complicated by many factors such as:

1) Intermittent and spatially variable recharge could break up the Acme Solvents
VOC plume;

2) Biodegradation may alter the pattern of YOCs in the groundwater;

3) The pattern of VOCs may be an artifact of the current well placement in a
fracture - flow dominated aquifer between the two sites; and

4) A second source of VOCs.
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The issue of landfill gas migration as a source has been raised, but is not considered a
viable alternative because:

A previous study found landfill gas to be migrating off-site but migration was
found only in highly permeable unsaturated soils above the bedrock, indicating
that the gas was not in contact with the groundwater table present in bedrock
(Warzyn, 1980);

A gas extraction system has been in operation since 1980 controlling the landfill
gas;

The WRL leachate contains lower concentrations of VOCs than the
groundwater samples from wells southeast of the WRL, indicating that it is
unlikely that significant amounts of VOCs could be or were in the landfill gas;
and

The WRL generally accepted municipal waste with limited quantities of Illinois
Special Wastes (WRL, 1984), and so would not be expected to be able to release
significant amounts of VOC:s like a solvent disposal site might.

The WRL leachate plume begins at about the center of the landfill at well B1SR on the
north side and extends west with elevated chloride concentrations being noted at the
furthest downgradient well G116A underflowing Killbuck Creek. Samples from wells to
the north including G117, G118R, G118A, G119, and G119A do not contain elevated
levels of chloride. Elevated chlorides were noted at well P4R, but not at weil G115 at
the southern boundary of WRL. Within the WRL plume, the SDWA Primary Drinking
Water Standards were only exceeded for barium at well MW106 and P1. Within this
plume, the SDWA Secondary standard was exceeded for chloride at wells B15, B1SR,
and MW106; for iron at MW106 and P1, and for manganese at B1SR, MW106, P1, B3R,
and PAR. SDWA Secondary standards are based on aesthetic considerations only. The
presence of elevated chlorides further downgradient than metals is attributed to
attenuation of the non-conservative, reactive metals.

The chlorinated solvents detected in wells within the WRL leachate plume are thought
to be the results of upgradient (background) influences not related to WRL. Other
VOCs which could potentially be attributed to WRL leachate that are designated in
Table 302.4 of 40 CFR Part 302.4 as the hazardous substances list (HSL) are 1,2-
dichloropropane, 1,2-dichlorobenzene, 1,4-dichlorobenzene, chlorobenzene, benzene,
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xylenes and toluene. None of these were present in samples from the furthest
downgradient well G116A, indicating that these constituents are being attenuated to
non-detectable levels at G116A.

.2 Recomm ions for Phase 11
The evaluation of analytical results from groundwater samples indicates the existing
monitoring well network is adequate to define the extent of releases of hazardous
substances from the WRL. Thus, additional monitoring well installation is not
recommended. Phase II investigative efforts should focus on the following:

Round 5 leachate samples should be analyzed for VOCs, SVOCs,
Pesticides/PCBs, 23 metals plus hexavalent chromium, phenolics, chloride,
alkalinity, cyanide, field pH and field specific conductance. Round S leachate
samples should be analyzed for organics using GC/MS methodologies to
improve data quality. Detection of a PCB in two samples in previous rounds,
and the resulting questions on analytical response requires additional testing.
The landfill gas collection headers will be disconnected and leachate purged 24
hours prior to collection of the samples. Gas well D1 will be sampled to verify
that the acetone found was due to lab/field contamination. The other leachate
sampling points will be gas wells E3, N8, L2, and the east and west manholes.

Wells with elevated chloride concentrations and those which are located
immediately adjacent to the landfill, should be sampled during Rounds 3 and 4.
Monitoring wells to be sampled include B13, B15R, B15P, G109, GO19A, G110,
G111, G114, G115, G116, G116A, P1, P3R, P4R, and P6.

Round 3 groundwater samples should be analyzed for VOCs by GC/MS (since
the dominant presence of the cis-isomer of 1,2 dichloroethene has been
documented, the standard CLP-type protocol can be used), SVOCs, arsenic,
barium, cadmium, hexavalent chromium, total chromium, phenolics, chloride,
alkalinity, cyanide, field pH, and field specific conductance. This will provide
additional documentation that the few HSL compounds, which are not
chlorinated solvents, currently detected adjacent and downgradient from the
WRL are rapidly being attenuated. Samples will also be analyzed for the
standard water chemistry parameters sulfate and nitrate. Round 4 groundwater
parameters will include VOCs (by GC/MS), arsenic, barium, cadmium,
hexavalent and total chromium, phenolics, chloride, alkalinity, cyanide, field pH,
and field specific conductance unless results from Round S leachate sampling
indicate additional parameters are warranted.
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Water level monitoring should continue on a monthly basis for a 6-month
period. Three staff gages should be installed in Killbuck Creek and be included
as part of the monthly water level monitoring program. The additional water
level monitoring is needed due to the complex nature of groundwater flow. The
collection of water levels from the creek is necessary to verify that the creek is
acting as a groundwater discharge zone.

Plug and abandon well P7 since it is reported to be damaged.
Perform 12 additional single-well field permeability tests at B9, B10, B10A, B12,

B13, G108, G109A, G110, G113, G113A, G114 and P6, to gain more
information on the variability in the permeability of dolomite.
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TABLE 1

HYDRAULIC CONDUCTIVITY TEST RESULTS

Warzyn Results 1988

Bedrock
cm/s
B11 1 x 103
B11A 1.2 x 10-4
BISP 5.4 x 10-%
B16 8.2 x 104
BIGA 1.6 x 10-4
G109 3.2 x 10-4
G109A 4 x 10-6
G111 2.4 x 10-2

September 1984
E.C. Jordan Results

cm/s

MW-105
MW-107
P-8
P-9

1 x 10-4
4.4 x 10-5
3 x10-4
1.5 x 104

Bedrock Geometric mean = 2.5 x 10-4 cm/sec

Unconsolidated Sediments

B1S
G115
Gl1é
G116A
G117
G119
G119A

cm/s

3.7 x 10-1
1.1 x 10-2
7.5 x 10-3
8 x10-4
2 x 104
5.7 x 102
2.8 x 10-3

Unconsolidated Geometric mean = 7 x 10-3 cm/sec

Geometric Meanl = exp (1 (In(x1) + In(xp) +

1. (Sudicky, 1986; Gilbert, 1987)
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TABLE 2
RESULTS OF LEACHATE ANALYSES FOR VOLATILE ORGANICS BY GC/MS (ug/l)

LLMHW LLG?7 LLD1 LLD1-DUP LLF7 LLG4 LLMHE Leach 1 Leach 2

4/8/88 6/16/88 6/8/89 6/8/89 6/8/89 6/8/89 6/8/89 5/84 5/84

Round 1 Round 2 Round & Round & Round 4 Round 4 Round 4 (Jordan, 1984)(Jordan, 1984)
Vinyl Chloride 12 90 54 55 12 -- 3 -- --
Total 1,2-Dichloroethene 4.3 24 21 22 -- 2200 ) 0.9 15
Tetrachloroethene .- .- - -- -- 17 .- -- --
Benzene -- 6.28 -- -- -- .- -- -- 4.4
Toluene 678 2708 3204 3104€ 474 1504 184 5.4 260
Ethyl Benzene 21 568 49) 493 654 774 -- -- 16
Xylenes 89 1308 190JX 1704% 2304x 3004% 80JX .- 76
Chloraoform 16 .- -- - .- -- -- -- --
Chloromethane -- -- 24 34 -- -- -- - --
Chloroethane -- -- 10 1" -- .- -- -- -
Methylene Chloride -- .- 138 108 -- .- -~ -- 44
Acetone .- -- 14000480 18000JBD 764 -- -- -- --
1,1-dichloroethane -- -- 53 57 -- -- -- .- 7.0
2-butanone .- -- 2200040 20000JD 264 2240 -- -- --
1,2-dichloropropane .- .- 3J 34 -- -- -- .- --
4-methyl -2-pentanone -- -- 1,6000J 1,4000J -- .- -- -- --
2-hexanone -- .- 240JE 260JE -- 65 -- -- --
Notes:

B = Also noted in laboratory method blank
J = Estimated value

--- = Not detected

Diluted example

Exceeded calibration range

Manually quantified

R

x*xmo
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TABLE 3

Comparison of Results of Leachate Analyses with
Reported Values for Sanitary Landfill Leachate

WRL

Parameter Observed Range Typical Values*
pH (standard units) 6.63 - 7.95 5-8
Specific conductance (umhos/cm) 6,520 - >50,000 NR
Alkalinity (mg/L) 2,600 - 13,100 1,000 - 10,000
Chloride (mg/L) 1,160 - 17,300 100 - 3,000
Sodium (mg/L) 968 - 10,200 200 - 2,000
Calcium (mg/L) 29.9 - 241 200 - 3,000
Magnesium (mg/L) 57.1 - 812 50 - 1,500
Potassium (mg/L) 710 - 1,750 200 - 2,000
Iron (mg/L) 5.47 - 93.1 50 - 600
Lead (ug/L) 26 - 258 20 - 300
Copper (ug/L) ND - 5,720 45 - 300
Zinc (ug/L) 268 - 6,690 28,000 - 30,000
Chromium (ug/L) 278 - 601 120
Cadmium (ug/L) ND - 226 250
Arsenic (ug/L) 8 - 240 110 - 160
Nickel (ug/L) 323 - 782 600 - 1,050
Barium (ug/L) 78 - 4,710 NR
Selenium (ug/L) ND + NR
Mercury (ug/L) ND - 0.8 NR
Cyanide (mg/L) 0.04 - 6.0 NR

* after Cope, et al., 1983
ND not detected
NR not reported
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(a)

(b)

A=

Table 4
Table of Dilution Factors(2)

{0 62 ditut i
Chloride Ethenes VOC dilution
Well Dilution without Background
B15 6.5 132

B15R 8.7 2.4

B15P neg{b) 3.5

56105 3768 g'?

G116 nég(b) undefined(b)
G116A 17 5.3

B15 4.6 24.7

B15R 12.5 2.9

B1SP undefined{b) 4.1

55016 %?'7 %'2

G116 neé?b) undefined(b)
6116A 52.2 1.8

Chloride dilution factors represent a rough estimate of the potential
dilution of WRL leachate at a given well location adjusted for
background. Ethene dilution factors are a similar representation of
leachate dilution at a ?iven well for ethenes without consideration of
background. Because chloride is a conservative parameter, and ethenes
are a non-conservative parameter, the ethene dilution factor is
expected to be greater than or equal to the chloride dilution factor
if WRL leachate were the source of ethenes.

A negative or undefined indicates that it is mathematically impossible
to dilute the leachate to a concentration lower than the given
background value (i.e. background is greater than the downgradient
well result).

ntr in Well) - (Aver ncentration (4,480 mq/1 C1
(Background Concentration) - (Concentration Measured in Well)

B = (Concentration in Well) - (Average Leachate Concentration (77.2 ug/1 VOC)
- (Concentration in Well)
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TABLE 5

COMPARISON OF GC AND GC/MS ANALYSIS RESULTS FOR VOLATILES
IN ROUND 1 GROUNDWATER SAMPLES (ug/1)

cC BllGC/MS GC/M5816 GC GC 6107GC/MS Ef_gllgf7ﬁ§

----------------- g/l - - = - = = = = = = = =~~~ - -
1,1-Dichloroethene -- -- -- -- -- -- -- -
1,1-Dichloroethane - -- 1.10 0.87J -- .- -- --
*]1,2-Dichloroethene 0.59 0.47 25.3 23.0 1.94 J 1.50 -- --
1,1,1-Trichloroethane 0.38 -- 2.70 3.25 0.45J 0.42 4 -- --
Trichloroethene -- 0.27 2.50 2.76 0.27 J 0.42 -- --
Tetrachloroethene 1.06 1.00 2.10 1.78 -- 0.46 - --
Chloroform -- -- 0.37 -- - -- - -
trans-1,3-Dichloropropane - -- 0.66 -- - - -- --

* Total for GC/MS and cis-1,2-Dichloroethene for GC analyses
-- Not detected
J Concentrations are considered estimated
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Viny]l Chloride
Chloroethane
1,1-Dichloroethene
1,1-Dichloroethane
1,2-Dichloroethene*

1,1,1 -
Trichl